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ABSTRACT

Background

Central venous catheters (CVCs) can help with diagnosis and treatment of the critically ill. The catheter may be placed in a large vein in the
neck (internal jugular vein), upper chest (subclavian vein) or groin (femoral vein). Whilst this is beneficial overall, inserting the catheter risks
arterial puncture and other complications and should be performed with as few attempts as possible. Traditionally, anatomical ‘landmarks’
on the body surface were used to find the correct place in which to insert catheters, but ultrasound imaging is now available. A Doppler
mode is sometimes used to supplement plain ‘two-dimensional’ ultrasound.

Objectives

The primary objective of this review was to evaluate the effectiveness and safety of two-dimensional (imaging ultrasound (US) or
ultrasound Doppler (USD)) guided puncture techniques for insertion of central venous catheters via the internal jugular vein in adults and
children. We assessed whether there was a difference in complication rates between traditional landmark-guided and any ultrasound-
guided central vein puncture.

Our secondary objectives were to assess whether the effect differs between US and USD; whether the effect differs between ultrasound
used throughout the puncture ('direct') and ultrasound used only to identify and mark the vein before the start of the puncture procedure
(indirect'); and whether the effect differs between different groups of patients or between different levels of experience among those
inserting the catheters.

Search methods

We searched the Central Register of Controlled Trials (CENTRAL) (2013, Issue 1), MEDLINE (1966 to 15 January 2013), EMBASE (1966 to
15 January 2013), the Cumulative Index to Nursing and Allied Health Literature (CINAHL) (1982 to 15 January 2013 ), reference lists of
articles, 'grey literature' and dissertations. An additional handsearch focused on intensive care and anaesthesia journals and abstracts
and proceedings of scientific meetings. We attempted to identify unpublished or ongoing studies by contacting companies and experts
in the field, and we searched trial registers. We reran the search in August 2014. We will deal with identified studies of interest when we
update the review.

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 1
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Selection criteria

We included randomized and quasi-randomized controlled trials comparing two-dimensional ultrasound or Doppler ultrasound with an
anatomical 'landmark' technique during insertion of internal jugular venous catheters in both adults and children.

Data collection and analysis

Threereview authorsindependently extracted data on methodological quality, participants, interventions and outcomes of interest using a
standardized form. A priori, we aimed to perform subgroup analyses, when possible, for adults and children, and for experienced operators
and inexperienced operators.

Main results

Of 735 identified citations, 35 studies enrolling 5108 participants fulfilled the inclusion criteria. The quality of evidence was very low for
most of the outcomes and was moderate at best for four of the outcomes. Most trials had an unclear risk of bias across the six domains,
and heterogeneity among the studies was significant.

Use of two-dimensional ultrasound reduced the rate of total complications overall by 71% (14 trials, 2406 participants, risk ratio (RR) 0.29,
95% confidence interval (CI) 0.17 to 0.52; P value < 0.0001, I> = 57%), and the number of participants with an inadvertent arterial puncture
by 72% (22 trials, 4388 participants, RR 0.28,95% CI 0.18 to 0.44; P value <0.00001, I* = 35%). Overall success rates were modestly increased
in all groups combined at 12% (23 trials, 4340 participants, RR 1.12,95% CI 1.08 to 1.17; P value <0.00001, I? = 85%), and similar benefit was
noted across all subgroups. The number of attempts needed for successful cannulation was decreased overall (16 trials, 3302 participants,
mean difference (MD) -1.19 attempts, 95% CI -1.45 to -0.92; P value < 0.00001, I> = 96%) and in all subgroups. Use of two-dimensional
ultrasound increased the chance of success at the first attempt by 57% (18 trials, 2681 participants, RR 1.57, 95% CI 1.36 to 1.82; P value <
0.00001, I = 82%) and reduced the chance of haematoma formation (overall reduction 73%, 13 trials, 3233 participants, RR 0.27, 95% Cl
0.13 to 0.55; P value 0.0004, 12 = 54%). Use of two-dimensional ultrasound decreased the time to successful cannulation by 30.52 seconds
(MD -30.52 seconds, 95% Cl -55.21 to -5.82; P value 0.02, I* = 97%). Additional data are available to support use of ultrasound during, not
simply before, line insertion.

Use of Doppler ultrasound increased the chance of success at the first attempt by 58% (four trials, 199 participants, RR 1.58, 95% CI 1.02
to 2.43; P value 0.04, 12 = 57%). No evidence showed a difference for the total numbers of perioperative and postoperative complications/
adverse events (three trials, 93 participants, RR 0.52,95% Cl 0.16 to 1.71; P value 0.28), the overall success rate (seven trials, 289 participants,
RR 1.09, 95% Cl 0.95 to 1.25; P value 0.20), the total number of attempts until success (two trials, 69 participants, MD -0.63, 95% CI -1.92
to0 0.66; P value 0.34), the overall number of participants with an arterial puncture (six trials, 213 participants, RR 0.61, 95% CI 0.21 to 1.73;
P value 0.35) and time to successful cannulation (five trials, 214 participants, each using a different definition for this outcome; MD 62.04
seconds, 95% Cl -13.47 to 137.55; P value 0.11) when Doppler ultrasound was used. It was not possible to perform analyses for the other
outcomes because they were reported in only one trial.

Authors' conclusions

Based on available data, we conclude that two-dimensional ultrasound offers gains in safety and quality when compared with an
anatomical landmark technique. Because of missing data, we did not compare effects with experienced versus inexperienced operators for
all outcomes (arterial puncture, haematoma formation, other complications, success with attempt number one), and so the relative utility
of ultrasound in these groups remains unclear and no data are available on use of this technique in patients at high risk of complications.
The results for Doppler ultrasound techniques versus anatomical landmark techniques are also uncertain.

PLAIN LANGUAGE SUMMARY

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization

People who are critically ill sometimes need a catheter in a central vein to help with diagnosis and treatment. The catheter may be placed
in a large vein in the neck (internal jugular vein), upper chest (subclavian vein) or groin (femoral vein). However, this procedure carries
risks such as arterial puncture (puncturing an artery instead of the vein might result in a haematoma, which can become infected or can
lead to compression of the carotid artery) and other complications (thrombosis, embolism, pneumothorax, nerve injury) and should be
performed with as few attempts as possible.

Puncture-related complications can result from patient-specific features such as an abnormal weight-to-height ratio, variations in
anatomical structure (the probability of which is given in the literature as up to 29%), thrombosis-related changes in wall structure (Caridi
1998; Denys 1991; Ferral 1998; McIntyre 1992), an existing hypovolaemia or a coagulopathy (Bernard 1971). In addition, the experience of
the practitioner (Bernard 1971), the environment in which the insertion is effected (Bo-Linn 1982), the position and the risk inherent in the
particular puncture procedure contribute to the occurrence of complications.

Inthe past, ‘landmarks’ on the body surface were used to find the correct place to insert catheters, but ultrasound imaging is now available.

This Cochrane systematic review compared landmark techniques versus ultrasound to guide the insertion of a catheter into the large vein
in the neck (the internal jugular vein). In 2013 we included in the review 35 studies enrolling 5108 participants (adults and children). These

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 2
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studies were varied, and their quality was moderate at best. We reran the search in August 2014. We will deal with any studies of interest
when we update the review.

Nevertheless, ultrasound offered some benefits. Using ultrasound reduced the rate of complications (-71%), including severe bruising
(-73%) and accidental puncturing of an artery instead of the vein (72%). It also increased success rates, including success rates at the first
attempt (+57%) and reduced the time taken to perform the procedure. None of the included studies reported on death or patient-reported
outcomes (patient discomfort).

Based on available data, we conclude that two-dimensional ultrasound offers improved safety and quality when compared with an
anatomical landmark technique, but these findings do not necessarily hold for all users or for patients at high risk of complications. The
relative utility of ultrasound when operators are experienced or inexperienced in central line insertion, however, remains unclear for some
outcomes. The results for Doppler ultrasound techniques versus an anatomical landmark technique are also uncertain.

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Ultrasound guidance compared with anatomical landmarks for internal jugular vein cannulation for

central vein catheterization

Ultrasound guidance compared with anatomical landmarks for internal jugular vein cannulation for central vein catheterization

Patient or population: patients with internal jugular vein cannulation for central vein catheterization

Settings:

Intervention: ultrasound guidance
Comparison: anatomical landmark

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  Number of par- Quality of the Comments
(95% Cl) ticipants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Anatomical Ultrasound guidance
landmark
Complication rate total  Study population RR0.29 2406 OO

(0.17 t0 0.52)

(14 studies)

Very lowa.b,c.d

135 per 1000 39 per 1000
(23 to 70)
Moderate
136 per 1000 39 per 1000
(23to 71)
Overall success rate Study population RR1.12 4340 DOOO
(1.08t0 1.17) (23 studies) Very lowc.e,fg
876 per 1000 982 per 1000
(946 to 1000)
Moderate
850 per 1000 952 per 1000
(918 to 994)

Number of attempts
until success

Mean number of attempts until success in the
intervention groups was

1.19 lower

(1.45 to 0.92 lower)

3302
(16 studies)
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Very low¢S.ghi
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Arterial puncture Study population RR0.28 4388 PO
(0.18 to 0.44) (22 studies) LowG:j;ki!
94 per 1000 26 per 1000
(17 to 41)
Moderate
84 per 1000 24 per 1000
(15t037)
Other complications Study population RR0.34 3042 SPPO
(thrombosis, em- (0.15t0 0.76) (11 studies) Moderate-
bolism, haematome- 30 per 1000 10 per 1000 ¢,m,n,0
diastinum and hy- (4 to 23)
dromediastinum,
haematothorax and Moderate
hydrothorax, pneu-
mothorax, subcuta- 23 per 1000 8 per 1000
neous emphysema, (3t017)
nerve injury)
Time to successful can- Mean time to successful cannulation in the in- 3451 DOOO
nulation tervention groups was (20 studies) Very lowl,p.a,r
30.52 lower
(55.21 to 5.82 lower)
Success with attempt Study population RR 1.57 2681 e e)
number 1 (1.36t01.82) (18 studies) Moderatecs;t
501 per 1000 787 per 1000
(682 to 912)
Moderate
545 per 1000 856 per 1000
(741 to 992)

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
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Very low quality: We are very uncertain about the estimate.

dLack of allocation concealment: unclear in 8 of 14 studies, inadequate in 1 study. Incomplete outcome data addressed in 5 studies. Lack of blinding: Participants, operators and
outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 7 from 14 studies, unclear in 2 studies. Treatment and
control groups were adequately described at entry in 4 of 14 studies.

bUnexplained substantial heterogeneity: P value 0.005; 12 = 57%.

CA precise result of appreciable benefit.

dFunnel plot shows remarkable heterogeneity at the top and asymmetry at the bottom of the funnel.

e Lack of allocation concealment: unclear in 15 of 23 studies, inadequate in 1 study. Incomplete outcome data addressed in 3 studies. Lack of blinding: Participants, operators
and outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 7 from 23 studies, unclear in 3 studies. Treatment
and control groups were adequately described at entry in 6 of 23 studies.

fUnexplained substantial heterogeneity: P value < 0.00001, I2 = 84%.

8Funnel plot shows heterogeneity at the top and asymmetry at the bottom of the funnel.

hLack of allocation concealment: unclear in 11 of 16 studies, inadequate in 1 study. Incomplete outcome data addressed in 1 study. Lack of blinding: Participants, operators and
outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 6 from 16 studies, unclear in 2 studies. Treatment and
control groups were adequately described at entry in 4 of 16 studies.

iUnexplained substantial heterogeneity: P value < 0.00001, I? = 96%.

iLack of allocation concealment: unclear in 14 of 22 studies, inadequate in 1 study. Incomplete outcome data addressed in 2 studies. Lack of blinding;: Participants, operators
and outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 11 from 22 studies, unclear in 4 studies. Treatment
and control groups were adequately described at entry in 7 of 22 studies.

kNo heterogeneity: P value 0.05, 12 = 35%.

lFunnel plot shows remarkable heterogeneity and asymmetry of the funnel.

MLack of allocation concealment: unclear in 6 of 11 studies, inadequate in 1 study. Incomplete outcome data addressed in 1 study. Lack of blinding: Participants, operators and
outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 6 from 11 studies, unclear in 3 studies. Treatment and
control groups were adequately described at entry in 4 of 11 studies.

"No heterogeneity: P value 0.3, 1> = 17%.

OFewer than 10 trials for this endpoint.

PLack of blinding: Participants, operators and outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 7 from 20
studies, unclear in 2 studies. Treatment and control groups were adequately described at entry in 6 of 20 studies.

dSubstantial heterogeneity: P value < 0.00001, I> = 97%.

'An imprecise result of appreciable or no appreciable effect.

SLack of blinding: Participants, operators and outcome assessors are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 6 from 18
studies, unclear in 4 studies. Treatment and control groups were adequately described at entry in 4 of 18 studies.

tUnexplained substantial heterogeneity: P value < 0.00001, I> = 82%.

Summary of findings 2. Doppler guidance compared with anatomical landmarks for internal jugular vein cannulation for central vein catheterization

Doppler guidance compared with anatomical landmark for internal jugular vein cannulation for central vein catheterization

Patient or population: patients with internal jugular vein cannulation for central vein catheterization
Settings:
Intervention: Doppler guidance
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Comparison: Anatomical landmark

Outcomes Illustrative comparative risks* (95% ClI) Relative effect  Number of par- Quality of the Comments
(95% ClI) ticipants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Anatomical land- Doppler guidance
mark
Complication Study population RR 0.52 93 o)
rate total (0.16 t0 1.71) (3 studies) Lowa,b,c
149 per 1000 77 per 1000
(24 to 255)
Moderate
188 per 1000 98 per 1000
(30 to 321)
Overall success Study population RR1.09 289 DOOO
rate (0.95t0 1.25) (7 studies) Very lowc.d.ef
800 per 1000 872 per 1000
(760 to 1000)
Moderate
800 per 1000 872 per 1000
(760 to 1000)
Number of at- Mean number of attempts until success in the in- 69 OO
tempts until suc- tervention groups was (2 studies) Very lowc,gh
cess 0.63 lower
(1.92 lower to 0.66 higher)
Arterial punc- Study population RR0.61 213 BDOO
ture (0.21t0 1.73) (6 studies) Lowb,Ci,j
75 per 1000 46 per 1000
(16 to 129)
Moderate
50 per 1000 31 per 1000
(10 to 87)
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Time to success- Mean time to successful cannulation in the inter- 214 SDDO

ful cannulation vention groups was (5 studies) Moderateb.c.k
62.04 higher
(13.47 lower to 137.55 higher)

Success with at-  Study population RR1.58 199 )

tempt number 1 (1.02t02.43) (4 studies) LowG!

390 per 1000 617 per 1000
(398 to 949)

Moderate

423 per 1000 668 per 1000
(431 to 1000)

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

dNo heterogeneity: P value 0.72; 1> = 0%.

bAn imprecise result including appreciable benefit or harm. Total number of events is less than 300.

CFewer than 10 trials for this endpoint,

dLack of allocation concealment: unclear in all 7 studies. Incomplete outcome data addressed in 3 studies. Lack of blinding: Participants, operators and outcome assessors
are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 2 from 7 studies, unclear in 2 studies. Treatment and control groups were

adequately described at study entry in 2 of 7 studies.
eUnexplained substantial heterogeneity: P value 0.001; I> = 72%.
fAn imprecise result of appreciable or no appreciable effect. Total number of events is less than 300.

8Lack of allocation concealment: unclear in 2 of 2 studies. Incomplete outcome data addressed in 2 studies. Lack of blinding: Participants, operators and outcome assessors are
aware of the arm to which participants are allocated in none of the studies. Free of other bias in neither of the 2 studies. Treatment and control groups were adequately described

at study entry in none of the studies.

hUnexplained substantial heterogeneity: P value 0.05; 12 = 75%.

iLack of allocation concealment: unclear in 6 of 6 studies. Incomplete outcome data addressed in 2 studies. Lack of blinding: Participants, operators and outcome assessors
are aware of the arm to which participants are allocated in none of the studies. Free of other bias in 1 from 6 studies, unclear in 2 studies. Treatment and control groups were

adequately described at entry in 1 of 6 studies.

iNo heterogeneity: P value 0.96; 12 = 0%.

kNo heterogeneity: P value 0.09; 12 = 50%.

lUnexplained substantial heterogeneity: P value 0.07; 1> = 57%.
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BACKGROUND

Description of the condition

Puncture of vessels with the insertion of catheters for diagnostic
or therapeutic purposes is often a vital component of perioperative
or intensive care management. Approximately six million central
venous catheterizations are performed each year in Europe and the
USA (Calvert 2003; FDA Drug Bull 1989).

The benefits of these central venous catheters (CVCs) lie in
their ability to allow the recording of central venous pressure
or other haemodynamic parameters (Rajaram 2013) and the
infusion of agents that are too potent (e.g. catecholamines) or too
irritating (e.g. chemotherapeutical substances, parenteral nutrition
solutions (Joffe 2009)) to be applied via peripheral veins; they also
can be used to carry out dialysis therapy in cases of acute renal
failure.

Puncture of vessels that are suitable for bringing in CVCs
traditionally takes place by the landmark puncture technique (LM).
The orientation of the insertion is governed by the basic anatomical
structures, and during puncture of the internal jugular vein (1JV)
by palpation of the carotid artery (the arterial counterpart to the
1JV). This method however remains unsuccessful in up to 35% of
cases (Bernard 1971; Defalque 1974; Sznajder 1986), and the total
rate of complications is given in the literature as up to 19% (Merrer
2001). Nine per cent of patients have abnormalities of the anatomy
of the central veins that make the puncture or the following
catheterization difficult, dangerous or impossible (Denys 1991a).
A multitude of puncture- and catheter-related complications of
all degrees of severity have previously been described in the
literature (Bodenham 2011; Cook 2011; Domino 2004; Pikwer 2012;
van Miert 2012). The US Food and Drug Administration (FDA)
described a total puncture-related rate of 5% to 20% (FDA Drug
Bull 1989), Johnson a rate of arterial puncture of up to 37.8%
(Johnson 1994) and Polderman a rate of catheter-related infection
(CRI) of 1% to 40% (Polderman 2002). Different sites of insertion
carry different rates of risk. For instance, catheters in the femoral
vein or the internal jugular vein are more likely to be associated
with thrombotic or infectious complications (catheter colonization,
catheter-related bloodstream infection (CRBSI)) than those in the
subclavian vein; fewer mechanical complications have occurred in
femoral catheters (Ge 2012).

Puncture-related complications can result from patient-specific
features such as an abnormal weight-to-height ratio (obesity,
cachexia), variations in anatomical structure (a probability of
which is given in the literature as up to 29%), thrombosis-related
changes in wall structure (Caridi 1998; Ferral 1998; Mclntyre 1992),
an existing hypovolaemia or a coagulopathy (Bernard 1971). In
addition, the experience of the practitioner (Bernard 1971), the
environment in which the insertion is effected (Bo-Linn 1982),
the position of the patient and the risk inherent in the particular
puncture procedure contribute to the occurrence of complications.

Many attempts have been made to reduce the number of
complications associated with central venous catheterizations.
These attempts have involved the development of ever newer
types of access and puncture techniques and materials, as well as
utilization of various ultrasound procedures (imaging ultrasound
(US) or ultrasound Doppler (USD), direct or indirect, with or without
needle guide).

Description of the intervention

In 1982 Peters et al reported for the first time the use of an
ultrasound Doppler sonographic device to facilitate locating the
subclavian vein (Peters 1982). In 1984 Legler and Nugent reported
for the first time use of an ultrasound Doppler sonographic
device to facilitate locating the internal jugular vein before
inserting central venous catheters (Legler 1984). Since that
time, ultrasound imaging procedures have also been tried, first
for locating the internal jugular vein (Yonei 1986), then for
locating the subclavian vein (Yonei 1988). These procedures, at
first, made use of ultrasound scanners that were already used
by the respective departments for diagnostic purposes. Later,
scanners were developed especially for the purpose of vessel
location, such as the SmartNeedle system® (SN) and the SiteRite
scanner® (SR). Sonographic techniques (ultrasound Doppler (USD)
and imaging ultrasound (US)) are referred to as direct (D;
ultrasound during puncture; real-time ultrasound) or indirect (ID;
looking for the vessel by means of ultrasound and marking the
puncture site on the skin; following puncture performed without
sonographic guidance). Real-time ultrasound guidance of CVC
insertion provides the operator the benefit of visualizing the
target vein and surrounding anatomical structures before and
during the procedure. Several accessories have been developed to
provide assistance during the procedure. Sterile sheaths prevent
contamination by the ultrasound probe and can be filled with
sterile ultrasonic transmitting gel. A needle guide—a piece of plastic
that angles the needle so it will intersect the center of the vessel—
can be attached to the probe to ensure optimal positioning of the
needle during vessel puncture. Passage of the introducer needle
into the vein can be performed using a transverse (short axis) view
or a longitudinal (long axis) view. Benefits of the transverse view
are that it is generally associated with a shorter learning curve and
can make it easier to visualize small vessels. The primary advantage
of the longitudinal view is that it allows better visualization
of the advancing needle tip, which may reduce perforation of
the posterior vessel wall (Atkinson 2005). For this reason, the
American College of Emergency Physicians has recommended
the longitudinal view (American College of Emergency Physicians
2007).

The last paper related to USD guidance was published in 2000
(Verghese 2000). This study was published first as a congress poster
in 1995 (Verghese 1995). Reduced interest in this technique may be
related to its lower effectiveness in comparison with US techniques
and increasing distribution of ultrasonic apparatus, as well as the
various possibilities for use of US devices (e.g. evaluation of vessel
diameter, control of the position of the catheter tip, peripheral
venous and arterial cannulation, performing regional anaesthesia
with the help of ultrasound). Some of the studies evaluated by
review authors for this review permit the conclusion that Doppler
ultrasound for vascular access is associated with a longer learning
curve, longer insertion times and higher costs than are reported
for B-mode ultrasound (Bold 1998; Gilbert 1995; Legler 1984).
Other studies found it "easy to learn, and efficient ..." (Branger
1995), or that “Finally, training did not influence the course of the
study....This suggests that training had no influence on Doppler
guidance procedure and that it could be learned easily and
quickly” (Lefrant 1998).

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 10
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How the intervention might work

Use of sonographic techniques (ultrasound Doppler (USD) or
imaging ultrasound (US), direct (D; ultrasound during puncture
or indirect (ID; looking for the vessel by means of ultrasound
and marking the puncture site on the skin; following puncture
performed without sonographic guidance)) for better locating
vessels for insertion of CVCs will help make the procedure safer,
faster, freer of complications and more often successful. One
explanation for these benefits is that real-time ultrasonography
clarifies the relative position of the needle and the vein and
structures surrounding the vein. The image offered by two-
dimensional ultrasonography allows the user to predict variant
vascular anatomy (e.g. transposition of the vein and the artery,
overlap of the artery and the vein) or abnormal patient anatomy
(e.g. morbid obesity, cachexia, local scarring) and to assess the
patency of a target vein (thrombosis, small diameter) before
and during the procedure. Examination of the vessel in different
positioning maneuvers (e.g. turning the head; patient down, flat,
up; arching the shoulders or not; leg straight or abducted) allows
the operator to determine optimal storage for the puncture.
Because of the risk of catheter-related thrombosis along with
other factors affected by the relationship between the diameter
of the catheter and that of the vessel, the external diameter of
the catheter should not exceed one-third the internal diameter of
the vein (Debordeau 2009; Lamperti 2012). If catheter diameter is
excessive, the possibly taller vessel of the opposite side or another
vessel should be punctured and catheterized. For these reasons,
supporters of ultrasound-guided puncture propagate primary use
in all patients. Abnormalities can be recognized and the puncture
made easier or safer by selection of another access route or with the
help of improved storage.

Why it is important to do this review

Growing numbers of publications and meta-analyses (Calvert 2003;
Hind 2003; Keenan 2002; Randolph 1996; Rothschild 2001) have
compared the effectiveness of ultrasound guidance versus the
traditional landmark technique for central vein catheterization.
However, these reviews are 10 years old, and sonographic devices
and their uses have changed.

The meta-analysis from Wu (Wu 2013) was conducted to
compare the use of anatomical landmark techniques for central
venous cannulation versus real-time, two-dimensional ultrasound
guidance to determine whether ultrasound techniques decreased
risks of cannulation failure, arterial puncture, haematoma and
haemothorax in adults and children. USD techniques and indirect
(ID) proceedings were not taken into account.

Many RCTs and six meta-analyses have suggested that the use
of ultrasound may be associated with reduced complication
rates and improved first-pass and overall success rates when
catheters are placed via the internal jugular vein. Furthermore, a
multitude of publications from all sorts of institutions have strongly
recommended the use of ultrasound to assist vessel puncture for
CVC catheterization (Alderson 1993; Calvert 2003; Rothschild 2001).
Although a variety of scientific proofs and recommendations have
covered the use of these procedures, great resistance against their
incorporation into clinical practice continues (Howard 2007).

Therefore, we systematically reviewed the literature to assess both
efficacy and safety outcomes of the use of sonographic techniques

for internal jugular vein puncture during CVC instillation to see
whether this approach makes the procedure safer, faster, freer of
complications and more often successful. This review is one of a
pair of Cochrane reviews on this topic. The other Cochrane review
focuses on evidence on the use of ultrasound in catheterization of
the subclavian and femoral veins (Brass 2013b).

OBJECTIVES

Primary objective

The primary objective of this review was to evaluate the
effectiveness and safety of two-dimensional (imaging ultrasound
(US) or ultrasound Doppler (USD)) guided puncture techniques for
insertion of central venous catheters via the internal jugular vein in
adults and children. We assessed whether there was a difference in
complication rates between traditional landmark-guided and any
ultrasound-guided central vein puncture.

Secondary objectives

Our secondary objectives were to assess whether the effect
differs between US and USD; whether the effect differs between
ultrasound used throughout the puncture ('direct') and ultrasound
used only to identify and mark the vein before the start of the
puncture procedure (indirect'); and whether the effect differs
between different groups of patients or between different levels of
experience among those inserting the catheters.

METHODS

Criteria for considering studies for this review
Types of studies

We considered randomized controlled trials (RCTs) in all languages
eligible forinclusion in the review, with an RCT defined as a study in
which participants were allocated to treatment groups on the basis
of a random or quasi-random method (e.g. using random number
tables, hospital number, date of birth). We also included controlled
clinical trials (CCTs).

Types of participants

We included all patients (children and adults) who required
insertion of a central venous catheter via the internal jugular vein.

We applied no restrictions with respect to specific population
characteristics (e.g. age; gender; race; presence of a particular
condition, for example, risk factors), study settings (intensive care
unit (ICU); operation room; participant awake or anaesthetized/
with anaesthesia) or practitioners' experience.

Types of interventions

We included all studies in which conventional techniques oriented
to anatomical landmarks (LMs) for puncture of the internal
jugular vein (control intervention) were compared with techniques
by which punctures were performed with the help of imaging
(US) or Doppler (USD) ultrasonographic devices (experimental
intervention). We included all studies, irrespective of whether
the puncture was performed directly (using sonographic control)
or indirectly (looking for the vessel by means of ultrasound
and marking the puncture site on the skin; following puncture
performed without sonographic guidance).

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 11
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Types of outcome measures

Outcome measures did not constitute criteria for including studies.

Primary outcomes

The primary outcome measured was the total number of
perioperative and postoperative complications/adverse events ((*)
absolute numbers (n/N) and expressed as percentages (%)).

Secondary outcomes
Secondary outcomes included the following.
Overall success rate (*).

Number of attempts until success (*).
Number of participants with an arterial puncture (*).

W

Number of participants with significant haematoma formation
(*).

5. Numbers of participants with other complications (thrombosis,
embolism, haematomediastinum and hydromediastinum,
haematothorax and hydrothorax, pneumothorax, subcutaneous
emphysema, nerve injury) (*).

Time needed for success (*).

Success with attempt number 1,2, 3 (*).

Participant discomfort (*).

Mortality (*).

w x N

All outcomes were defined as stated by the study authors.

We differentiated between intraoperative, postoperative and long-
term complications.

We included studies irrespective of whether all of this information
was available.

Search methods for identification of studies

We employed the standard methods of the Cochrane Anaesthesia
Review Group.

Two review authors (PB, LK) independently assessed the titles and
abstracts (when available) of all reports identified by electronic
searching, manual searching, snowballing and making contact with
experts and industry.

We assessed the reports as follows.

1. Patrick Brass (PB) assessed all reports.
2. Laurentius Kolodziej (LK) assessed all reports.

We retrieved and evaluated potentially relevant studies, chosen
by at least one review author, in full-text versions. We masked
all selected studies by obscuring study authors' names and
institutions, location of study, reference list, journal of publication
and any other potential identifiers.

Electronic searches

One review author (PB) and the CARG TSC (KH) searched the
following databases for relevant trials:

the Cochrane Central Register of Controlled Trials (CENTRAL) (2013,
Issue 1; see Appendix 1 for detailed search strategy); Ovid MEDLINE
(1966 to 15 January 2013; see Appendix 2); Ovid EMBASE (1980 to
15 January 2013; see Appendix 3); the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) via EBSCOhost (1982 to 15

January 2013; see Appendix 4); MedPilot (1980 to 15 January 2013;
see Appendix 5); and registers of clinical trials. We developed a
specific strategy for each database.

We reran the search in August 2014. We will deal with any studies of
interest when we update the review.

We did not limit the search by language or publication status.

We used the optimally sensitive strategies of The Cochrane
Collaboration to identify RCTs for MEDLINE and EMBASE searches
(Dickersin 1994; Lefebvre 2001; Robinson 2002).

We combined the MEDLINE search strategy with the Cochrane
highly sensitive search strategy phases one and two, as contained
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We adapted our MEDLINE search strategy for
searching the other databases.

We attempted to identify unpublished or ongoing studies by
searching the following two trial registries (searched on 20 March
2014) for all years available in all possible fields using the
basic search function (using separately the following keyword
terms: "ultrasound", "central vein catheterization", "central vein

catheter").

1. Current Controlled Trials: www.controlled-trials.com.
2. ClinicalTrials.gov: www.clinicaltrials.gov.

Searching other resources

We performed an additional handsearch focused on intensive care
and anaesthesia journals, abstracts and proceedings of scientific
meetings (e.g. proceedings of the Annual Congress of the European
Society of Intensive Care Medicine (ESICM), the Annual Congress
of the German Society of Anaesthesia (DAK), the Annual Congress
of the European Society of Anaesthesia (ESA)) (2003 to 2013; last
search 20 January 2013); references lists; 'grey literature' (System
for Information on Grey Literature in Europe (SIGLE and Zetoc); the
Index to Scientific and Technical Proceedings (from the Institute for
Scientific Information); and dissertations.

We attempted to identify unpublished or ongoing studies by
contacting the companies medilab GmbH (SiteRite®, Dymax
Corporation), Medimex (P.D. Access®/SmartNeedle®) and SonoSite.

We contacted experts in the field to identify unpublished studies
and studies presented in abstract form at major international
meetings.

We (PB, LK) checked the bibliographies of all identified studies.
We repeated this approach until no further studies could be
identified.

Data collection and analysis
Selection of studies

Two review authors (PB, LK) independently screened the titles
and abstracts of reports identified by electronic searching, manual
searching, snowballing and making contact with experts and
industry for relevance. At this stage, we excluded only citations that
were clearly irrelevant. We obtained full copies of all potentially
relevant papers.

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 12
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Two review authors (PB, LK) independently screened the full
papers, identified relevant studies and assessed eligibility of
studies for inclusion. We selected trials that met the inclusion
criteria, using a checklist designed in advance for that purpose.
We resolved disagreements on the eligibility of studies through
discussion. When resolution was not possible, we consulted a third
review author (GS).

We assessed the quality of all studies meeting the inclusion criteria
and extracted data from them. We excluded all irrelevant records
and recorded details of the studies and reasons for exclusion.

Data extraction and management

Two review authors (PB, LK) independently extracted the data
using a specially designed data extraction form. We resolved
disagreements by discussion; when necessary, we consulted a
third review author (GS). Once we had resolved disagreements, we
recorded extracted data on the final data extraction form.

We contacted study authors to ask for clarification or to request
missing information. We excluded data until further clarification
was provided if we could not reach agreement.

One review author (PB) transcribed the data into RevMan 5.2
(RevMan 5.2), and another review author (LK) checked the data
entered to look for discrepancies.

In addition to details related to the risk of bias of included studies,
we extracted two sets of data.

1. Study characteristics: place of publication; date of publication;
population characteristics; setting; detailed nature of
intervention; detailed nature of comparator; and detailed
nature of outcomes. A key purpose of these data was to
define unexpected clinical heterogeneity in included studies
independently from the analysis of results.

2. Results of included studies with respect to each of the
main outcomes indicated in the review question. We carefully
recorded reasons why an included study did not contribute
data on a particular outcome and considered the possibility of
selective reporting of results on particular outcomes.

We recorded for each trial the following data.

Authors.

Year of publication.
Study design.
Population.

Inclusion procedure: (-) means non-consecutive/unknown; (+)

means consecutive.

Setting: university/other/unknown.

7. Participant characteristics (age, gender, height, weight, body
mass index (BMI)) recorded as stated in the study.

8. Punctured vessel/punctured side.

9. Intervention (US or USD, puncture occurred directly (DUS or

DUSD) or indirectly (IDUS or IDUSD) (puncture method: USA:

information on applied ultrasound procedure and on position in

which the puncture was performed; LM: information on position

in which the puncture was performed. Puncture method: +:

standardized; -: not standardized).

o wN e

o

10.Study design: P: prospective; R: randomized; C: controlled; Cr.-
0.: cross-over; information on randomization method; exclusion
of participants after randomization: +: yes; -: no; intention-to-
treat evaluation plan: +: yes; -: no.

11.Number and experience of practitioners.
12.Numbers of punctures and participants.
13.LM/US: number of conventional/sonographic punctures.

14.Details of the outcome (all studies included, irrespective of
whether they provided complete information on overall success
rate;total number of attempts needed until success;number
of punctures that were successful at first, second, third, etc.,
attempt;overall complication rate or number of individual
complications; and time required until success, or whether some
of this information was lacking).

15.Conclusions of study authors.

Assessment of risk of bias in included studies

Two review authors (PB, LK) independently assessed the
methodological quality of each included study using a simple form
and following the domain-based evaluation as described in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). We assessed the following domains as having low, unclear or
high risk of bias.

Random sequence generation.
Allocation concealment.

Participant blinding.
Provider/physician blinding.
Outcome assessor blinding.
Incomplete outcome data addressed.
Selective outcome reporting.

Other source of bias.

o N WN e

We reviewed the assessments and discussed inconsistencies
between review authors in interpretation of inclusion criteria and
their significance to selected studies. We resolved disagreements
through discussion with a third review author.

We did not automatically exclude any study as the result of a rating
of 'unclear risk of bias’ or ’high risk of bias.” We presented our
evaluation of the Risk of bias in included studies in tabular form in
the Results section of the review.

A summary of bias was given for each study, and the results were
summarized in the 'Risk of bias' table in the Results section of the
review. We predicted that, given the nature of the intervention,
blinding of the practitioner would not be possible. We noted
measures of clinical performance. For instance, when given, we
recorded the experience and number of practitioners performing
the procedures in a trial.

Second, we assessed the quality of evidence at the outcome level
using the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach.

Measures of treatment effect

We analysed extracted data using Review Manager (RevMan 5.2).

For dichotomous data, we described results both as a relative
measure (risk ratio (RR)) with 95% confidence intervals (Cls) and
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as an absolute measure (number needed to treat for an additional
beneficial outcome and risk difference). Relative measures can
be used to combine studies, but absolute measures can be
more informative than relative measures because they reflect
the baseline risk as well as the change in risk noted with the
intervention.

For continuous outcomes, we used the mean difference (MD) and
the standard deviation (SD) to summarize the data for each group.
This provides the advantage of summarizing results in natural units
that are easily understood.

Unit of analysis issues

We included cross-over studies in this review, but we did not
analyse the endpoint success rate after cross-over.

The unit of analysis was the individual participant.

Dealing with missing data

No simple solution is known for the problem of missing data.
We handled this problem by contacting the investigators, when
possible, to clarify some methodological issues and to request
additional data. In addition, the assumption of whatever method
was used to cope with missing data was made explicit. We included
studies irrespective of whether all of the outcome information was
available. However, to date, we have not received data beyond
those presented in the primary reports. If we subsequently receive
additional information, we plan to incorporate these data into the
next update of this review.

Assessment of heterogeneity

We assessed heterogeneity between trials by visually inspecting
forest plots, and we quantified statistical heterogeneity by
calculating the 12 statistic, which describes the percentage of total
variation across studies that is due to heterogeneity rather than to
chance (Higgins 2003). We regarded heterogeneity as low if 12 was
less than 25%, as moderate if 12 was between 25% and 50% and
as substantial if 12 was greater than 50%. If evidence of substantial
heterogeneity was found, we investigated and reported possible
reasons for this.

The predetermined significance level of heterogeneity was the P
value of .05. Both the typical effect size and the effect size relative
to specific study characteristics will be interpreted cautiously if
heterogeneity is significant.

Assessment of reporting biases

We made a great effort to identify unpublished studies and to
minimize the impact of possible publication bias by using a
comprehensive research strategy.

Publication bias occurs when published studies are not
representative of all studies that have been done, usually because
positive results tend to be submitted and published more often
than negative results. Because detecting publication bias is
difficult, we tried to minimize it by performing comprehensive
literature searches, using study registries and contacting the
manufacturers of ultrasound devices (Glasziou 2001).

We assessed reporting bias also by trying to identify whether
the study was included in a trial registry, whether a protocol

was available and whether the Methods section provided a list of
outcomes. We compared outcomes listed in those sources versus
outcomes reported in the published paper.

We used a graphical display (funnel plot) of the size of the treatment
effect against the precision of the trial (one/standard error) to
investigate publication bias by examining for signs of asymmetry.
Publication bias is associated with asymmetry (Light 1984). In
the absence of publication bias, a plot of study sample size (or
study weight) versus outcome (i.e. log relative risk) should have
a bell or inverted funnel shape, with the apex near the summary
effect estimate (funnel plot). If asymmetry was found, we also
searched for reasons other than publication bias, such as poor
methodological quality of smaller studies, true heterogeneity,
artefactual reasons or chance (Egger 1997).

We did not use funnel plots to assess publication bias when we
found fewer than 10 trials for an endpoint, as asymmetry is difficult
to detect when a small number of studies are examined.

Data synthesis

We reviewed the data from included studies qualitatively and
then, if possible, combined the data quantitatively by population,
intervention and outcome, using the statistical software of The
Cochrane Collaboration, Review Manager (RevMan 5.2).

We performed a meta-analysis when studies of similar comparisons
reported the same outcome measures. We used models with
random effects (i.e. the Mantel-Haenszel (MH) method for
dichotomous data (using risk ratio as effect measure) and
the inverse variance (IV) method for continuous data (using
standardized mean difference (SMD) as effect measure) when
between-study heterogeneity was apparent, as assessed by Q and
12 statistics. Confidence intervals were calculated at the 95% level,
and corresponding P values equal to or less than 5% (two-sided
alpha) were considered statistically significant.

Subgroup analysis and investigation of heterogeneity

We performed a subgroup analysis of different sonographic
techniques  ((D)/(ID)/US/USD), puncture sites, groups of
participants (adults, children) and practitioners (experienced, not
experienced).

The experience of practitioners and their faculties in both
ultrasound techniques and control techniques involved varied
across trials from medical student (Turker 2009) to "10 years of
experience in 1JV (LM) catheter placement....at least 5 years of
experience in performing this method (US)" (Karakitsos 2006). In
19 trials the level of experience in performing the procedures was
stated (not stated in nine (Chuan 2005; Hayashi 1998; Johnson
1994; Ovezov 2010; Scherhag 1989; Soyer 1993; Troianos 1990;
Troianos 1991; Verghese 1995)). In some studies the level of
experience in performing the procedures was stated only for the
landmark group. Information given ranged from "experienced
cardiac anaesthetist" (Alderson 1992) or "familiar with both
cannulation techniques" (Hayashi 2002) to very firm descriptions
of experience (Bock 1999; Karakitsos 2006; Palepu 2009). The
definitions of an experienced operator and of an inexperienced
operator varied across a large range.

According to the Cochrane Handbook for Systematic Reviews
of Interventions, Section 9.6.3, we should like to compare the
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magnitude of effects only informally. The limitation of this
approach (i.e. differences may be explained by chance alone) is
acknowledged. In a future version of this review, we will apply the
Borenstein approach as well.

Sensitivity analysis

A priori, we planned sensitivity analyses to test how sensitive the
results would be to reasonable changes in assumptions made
during the review process and in the protocol for combining data
(Lau 1998).

We planned to perform sensitivity analyses regarding 'randomized
versus quasi randomized' and eventually 'good quality studies
versus poor quality studies.' We defined a good quality study as
one thatincludes all of the following domains: adequate allocation
concealment, blinding of outcome assessment and data analysis
performed according to the intention-to-treat principle. A poor
quality study, for the purposes of the proposed sensitivity analysis,
was defined as one that lacks one or more of these key domains.

We have not performed a sensitivity analysis, as almost all of
the included studies have high risk of bias. For example, in
no study was the outcome assessor blinded, and in only four
studies was adequate sequence generation or adequate allocation
concealment reported. Inclusion and exclusion criteria were clearly
defined in only 10 studies (Agarwal 2009; Bock 1999; Chuan 2005;

Hayashi 2002; Hrics 1998; Karakitsos 2006; Leung 2006; Milling
2005; Scherhag 1989; Turker 2009), and treatment and control
groups were adequately described at entry in only eight studies
(Bock 1999; Hayashi 2002; Karakitsos 2006; Leung 2006; Lin 1998;
Scherhag 1989; Sulek 2000; Turker 2009).

RESULTS

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The January 2013 search strategy and our previous search
identified a total of 704 citations.

A search of other sources yielded a total of 31 citations: 10 from an
additional handsearch focused on intensive care and anaesthesia
journals and abstracts and proceedings of scientific meetings (e.g.
proceedings of the Annual Congress of the European Society of
Intensive Care Medicine (ESICM) or of the Annual Congress of the
European Society of Anaesthesia (ESA)), four from reference lists
and 17 from companies that we contacted for references. After
reviewing the titles and abstracts, we identified and retrieved for
review 11 articles in full text (see Figure 1).
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Figure 1. Study flow diagram.
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We reran the search in August 2014, We found eight
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review.
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Figure 1. (Continued)
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Altogether, 735 citations, including 439 duplicates, were identified.
After title and abstract screening of the 296 unique citations, 243
citations were excluded. A total of 53 full texts were screened, of
which 13 reports were excluded (for reasons for exclusion, see
Excluded studies section below).

We reran the search in August 2014. We found eight new citations,
of which five are studies of interest (Airapetian 2013; Bikash 2014;
Cajozzo 2004; Gok 2013; Shrestha 2011) (see Characteristics of
studies awaiting classification). We will deal with studies of interest
when we update the review.

We identified no ongoing studies.
Altogether, we included 35 studies in the quantitative synthesis.

Included studies

In this review we included 35 studies from 1989 to the date of the
search, with 5108 participants, as described in the Characteristics
of included studies. The individual studies involved sample sizes of
21 (Branger 1994) to 900 participants (Karakitsos 2006). The studies
took place in different hospital settings all over the world. Of the 35
studies, 29 were RCTs and four were QRCTs (Armstrong 1993; Denys
1993; Grebenik 2004; Lin 1998); it is unclear whether two studies are
RCTs or CCTs (Branger 1994; Branger 1995).

Study authors used two-dimensional ultrasound to scan the
insertion site before, but not during, puncture (‘indirect puncture')
in five studies (Alderson 1992; Armstrong 1993; Chuan 2005;
Hayashi 1998; Hayashi 2002), and during insertion ('direct
puncture') in 19 studies (Agarwal 2009; Bansal 2005; Béck 1999;
Denys 1993; Grebenik 2004; Johnson 1994; Karakitsos 2006; Leung
2006; Lin 1998; Mallory 1990; Ovezov 2010; Palepu 2009; Scherhag
1989; Soyer 1993; Sulek 2000; Teichgraber 1997; Troianos 1990;
Troianos 1991; Turker 2009). It was unclear whether direct or
indirect puncture had been used in three studies (Heatly 1995;
Verghese 1995; Verghese 1996); two studies (Hrics 1998; Milling
2005) used both.

29 RCT,4 QRCT,

(V and SV 3: US

In eight studies Doppler ultrasound was used; one study used
indirect puncture (Legler 1983), and seven used direct puncture
(Branger 1994; Branger 1995; Gilbert 1995; Gratz 1994; Scherhag
1989; Verghese 1995; Vucevic 1994). Two studies (Scherhag 1989;
Verghese 1995) used both two-dimensional and Doppler modes. In
two studies Doppler ultrasound machines without a needle guide
were used (Legler 1983; Scherhag 1989), and in four SmartNeedle®,
aDoppler-guided needle device, was used (Gilbert 1995; Gratz 1994;
Verghese 1995; Vucevic 1994). Branger et al (Branger 1994; Branger
1995) used a pulsed Doppler probe, which had been developed by
the study authors.

The ultrasound probe was wrapped in a sterile glove in five studies
(Bock 1999; Leung 2006; Mallory 1990; Scherhag 1989; Sulek 2000),
in a sterile sheath in seven studies (Agarwal 2009; Grebenik 2004;
Karakitsos 2006; Milling 2005; Palepu 2009; Troianos 1990; Troianos
1991) and in a sterile plastic bag in three studies (Denys 1993;
Hrics 1998; Lin 1998). The probe was sterilized with povidone-
iodine in one study (Soyer 1993)and with ethylenoxide gas in two
studies (Branger 1994; Branger 1995); it was disinfected in one study
(Bansal 2005), and nothing was reported in eight studies (Heatly
1995; Johnson 1994; Legler 1983; Ovezov 2010; Teichgraber 1997;
Turker 2009; Verghese 1995; Verghese 1996). In four studies (Gilbert
1995; Gratz 1994; Verghese 2000; Vucevic 1994), the sterile needle
from SmartNeedle® was used.

Whilst most studies used only the internal jugular vein, three used
both the internal jugular vein and the subclavian vein (Branger
1994; Branger 1995; Palepu 2009), and in three studies in which the
internal jugular vein was used, investigators examined the use of
US and USD (Scherhag 1989; Verghese 1995; Verghese 2000).

Only 20 studies provided information about the puncture side. In
14 studies only the right side was used; in six studies both sides
were used. In 14 studies no details were given, and in one study
(Scherhag 1989) the side of insertion was specified only when
Doppler ultrasound was used.
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In six (Armstrong 1993; Denys 1993; Hrics 1998; Lin 1998; Verghese
1995; Verghese 1996) of 10 studies (Alderson 1992; Armstrong 1993;
Denys 1993; Grebenik 2004; Hrics 1998; Lin 1998; Troianos 1990;
Troianos 1991; Verghese 1995; Verghese 1996) in which the SiteRite®
ultrasound device was used for ultrasound-guided internal jugular
vein cannulation, the study authors claimed that they had used
the needle holder/guide. In these studies, it can be assumed that
passage of the introducer needle into the vein was performed in
the transverse (short axis) view. In addition, representation of the
vein in the short axis was used in the following studies: Agarwal
2009; Bansal 2005; Bock 1999; Hayashi 2002; Leung 2006; Mallory
1990; Palepu 2009; Scherhag 1989; Soyer 1993; Teichgraber 1997.
Passage of the introducer needle into the vein was performed in
the longitudinal (long axis) view only in the study conducted by
Karakitsos (Karakitsos 2006).

Participants were adults of both sexes in 23 studies (USDN=5,US N
=18) (Agarwal 2009; Bansal 2005; Bock 1999; Denys 1993; Hayashi
1998; Hayashi 2002; Karakitsos 2006; Leung 2006; Lin 1998; Mallory
1990; Milling 2005; Palepu 2009; Scherhag 1989; Soyer 1993; Sulek
2000; Troianos 1990; Turker 2009; Troianos 1991) and were children
in six studies (Alderson 1992; Chuan 2005; Grebenik 2004; Ovezov
2010; Verghese 1995; Verghese 1996); no such details were given
in seven studies (Armstrong 1993; Branger 1994; Gratz 1994; Heatly
1995; Hrics 1998; Johnson 1994; Teichgraber 1997).

Procedures were carried out when participants were awake in eight
studies, all including adults (Bansal 2005; Denys 1993; Lin 1998;
Scherhag 1989; Soyer 1993; Troianos 1990; Troianos 1991; Turker
2009); were anaesthetized in eight studies, four including adults
(Hayashi 1998; Hayashi 2002; Sulek 2000; Vucevic 1994) and four
including children (Chuan 2005; Grebenik 2004; Verghese 1995;
Verghese 1996). Timing was not specified in one study (Armstrong
1993), and various combinations were reported in others: one
anaesthetized/sedated (Karakitsos 2006); and three anaesthetized
or awake (Branger 1994; Branger 1995; Gilbert 1995). No details of
this were provided in 14 studies.

In 24 of the studies, no details on the number of operators who
carried out the procedure were provided (19 two-dimensional
ultrasound: Agarwal 2009; Alderson 1992; Armstrong 1993; Bansal
2005; Chuan 2005; Hayashi 1998; Johnson 1994; Karakitsos 2006;
Lin 1998; Mallory 1990; Ovezov 2010; Palepu 2009; Scherhag
1989; Sulek 2000; Teichgraber 1997; Troianos 1990; Troianos 1991;
Verghese 1995; Verghese 1996; five Doppler: Gilbert 1995; Gratz
1994; Legler 1983; Scherhag 1989; Verghese 1995).

In 13 of the studies, details on the number of operators who carried
out the procedure were provided (Bock 1999; Branger 1994; Branger
1995; Denys 1993; Grebenik 2004; Hayashi 2002; Heatly 1995; Hrics
1998; Leung 2006; Milling 2005; Soyer 1993; Turker 2009; Vucevic
1994).

In only 25 of the studies were details of the experience of
the operators who carried out the procedure provided. These
procedures were carried out by senior fellows (Mallory 1990),
experienced operators (Alderson 1992; Bansal 2005; Denys 1993;
Lin 1998; Sulek 2000; Teichgraber 1997), operators with ample
experience (Heatly 1995), registrars (Armstrong 1993), fellows and
attendings (Verghese 1996), residents and attendings (Hayashi
2002; Hrics 1998), attendings (Karakitsos 2006), experienced
anaesthetists (Bock 1999; Gratz 1994; Vucevic 1994), consultant
paediatric cardiac anaesthetists (Grebenik 2004), a medical student

(Turker 2009), registrars and consultants (Palepu 2009), senior
residents and consultants (Agarwal 2009), junior residents or
seniors (Branger 1994; Branger 1995), emergency physicians or
registrars working in the ED (Leung 2006), internal medicine and
surgery residents with varying levels of experience (Milling 2005)
and inexperienced juniors (Gilbert 1995).

In addition, no study describes the learning curve of the operators
within the study. However, the operator experience plays an
important role, for both US-guided and traditional landmark
techniques can introduce significant bias in either direction.

In none of the studies was the outcome assessor blinded.

Grebenick s study was criticized for the high rates of dropout and
the statistical analysis used (Grau 2005).

Inclusion and exclusion criteria were clearly defined in 10 studies
(Agarwal 2009; Bock 1999; Chuan 2005; Hayashi 2002; Hrics
1998; Karakitsos 2006; Leung 2006; Milling 2005; Scherhag 1989;
Turker 2009), and treatment and control groups were adequately
described at entry in only nine studies (Bock 1999; Hayashi 2002;
Karakitsos 2006; Leung 2006; Lin 1998; Milling 2005; Scherhag 1989;
Sulek 2000; Turker 2009).

Of the 35 included studies, 14 evaluated the primary outcome of
total complication rate (Agarwal 2009; Bansal 2005; Bock 1999;
Denys 1993; Grebenik 2004; Heatly 1995; Leung 2006; Lin 1998;
Milling 2005; Palepu 2009; Soyer 1993; Turker 2009; Verghese 1995;
Verghese 1996); 21 did not (Alderson 1992; Armstrong 1993; Branger
1994; Branger 1995; Chuan 2005; Gilbert 1995; Gratz 1994; Hayashi
1998; Hayashi 2002; Hrics 1998; Johnson 1994; Karakitsos 2006;
Legler 1983; Mallory 1990; Ovezov 2010; Scherhag 1989; Sulek 2000;
Teichgraber 1997; Troianos 1990; Troianos 1991; Vucevic 1994).
Of the included studies, 23 studies evaluated the overall success
rate (Alderson 1992; Armstrong 1993; Bansal 2005; Chuan 2005;
Denys 1993; Grebenik 2004; Hayashi 2002; Heatly 1995; Hrics 1998;
Johnson 1994; Karakitsos 2006; Leung 2006; Lin 1998; Mallory 1990;
Milling 2005; Ovezov 2010; Palepu 2009; Scherhag 1989; Soyer
1993; Troianos 1990; Troianos 1991; Turker 2009; Verghese 1996);
12 did not (Agarwal 2009; Bock 1999; Branger 1994; Branger 1995;
Gilbert 1995; Gratz 1994; Hayashi 1998; Legler 1983; Sulek 2000;
Teichgraber 1997; Verghese 1995; Vucevic 1994). In all, 16 studies
evaluated the number of attempts needed for success, 20 the time
to successful cannulation and 18 the numbers of successes on the
first to fifth attempts.

Excluded studies

We excluded 13 studies from the review for the following reasons.

Five were not randomized trials: Denys 1990; Denys 1991
(prospective study, not randomized, used only ultrasound); Gallieni
1995 (observational study, LM used first for 10 participants, then
US for an additional 31 participants); Koski 1992 (observational
study, used ultrasound-guided technique during first half of the
study and the conventional method during second half of the
study); and Serafimidis 2009 (no details on whether the study is
prospective and randomized). In one study, no report of ethical
approval or participant consent was provided and randomization
was balanced for procedures performed by interns or residents
(Slama 1997). Four studies were published twice: first as a congress
poster (Alderson 1992; Legler 1983; Verghese 1995; Verghese 1996),
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then as an article (Alderson 1993; Legler 1984; Verghese 1999;
Verghese 2000).

In one of the studies, study authors made no statements about the
punctured vessels (Woody 2001); in two studies, study authors used
different vessels, but the results were stated together (Froehlich
2009; Miller 2002).

See the Characteristics of excluded studies table.

Awaiting classification

Five studies are awaiting classification (Airapetian 2013; Bikash
2014; Cajozzo 2004; Gok 2013; Shrestha 2011). See the
Characteristics of studies awaiting classification table.

Risk of bias in included studies

We used the domain-based evaluation table of The Cochrane
Collaboration provided in RevMan 5.2 to assess the validity and the
quality of included trials.

We have detailed in the Characteristics of included studies table
methods of randomization, outcome assessment details and
exclusion criteria.

A summary of our assessment of methodological quality of
included studies is given in Figure 2 and Figure 3.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. (Continued)
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The quality of evidence was very low or low for most of the
outcomes, and was moderate at best for four of the outcomes. Most
of the trials had unclear risk of bias across the six domains.

We believe that the inability to blind the practitioner performing
the puncture, especially when the same person was performing
all punctures, was a potential source of performance bias. One
further source of potential bias lies in the fact that in none of
the studies was the outcome assessor blinded. For this reason, all
included trials should be considered as having at least moderate
risk of bias. Because of the nature of the intervention, blinding
of the practitioner was never going to be possible, and this is an
unavoidable source of bias. We are aware that these studies are
at potential risk of bias and have taken this into account when
assessing their results.

Allocation

Allocation concealment was inadequate in two studies (Denys
1993; Lin 1998), adequate in seven studies (Bock 1999; Chuan
2005; Karakitsos 2006; Leung 2006; Milling 2005; Ovezov 2010;
Palepu 2009) and unclear in 26 studies (20 two-dimensional
ultrasound: Agarwal 2009; Alderson 1992; Armstrong 1993; Bansal
2005; Grebenik 2004; Hayashi 1998; Hayashi 2002; Heatly 1995;
Hrics 1998; Johnson 1994; Mallory 1990; Scherhag 1989; Soyer 1993;
Sulek 2000; Teichgraber 1997; Troianos 1990; Troianos 1991; Turker
2009; Verghese 1995; Verghese 1996; and nine Doppler: Branger

1994; Branger 1995; Gilbert 1995; Gratz 1994; Legler 1983; Scherhag
1989; Verghese 1995; Verghese 1996; Vucevic 1994. Sequence
generation was inadequate in two studies (Denys 1993; Lin 1998),
adequate in eight studies (Bock 1999; Chuan 2005; Karakitsos 2006;
Leung 2006; Lin 1998; Milling 2005; Ovezov 2010; Palepu 2009)
and unclear in 26 studies (21 two-dimensional ultrasound, five
Doppler). We are aware that these studies are at potential risk of
bias and have taken this into account when assessing their results.

The four studies that were published twice had the following
unusual features: In Alderson 1992 and Alderson 1993, as well as in
Legler 1983 and Legler 1984, allocation concealment was unclear.
In Verghese 1995 and Verghese 1996, allocation concealment
was unclear in the congress poster and adequate in the articles
(Verghese 1999 and Verghese 2000).

Blinding

None of the studies was free from other problems that could put it
at risk of bias. Given the nature of the intervention, blinding to the
intervention was not always (participants) or was never (personnel)
feasible; however, we assessed the risk of bias depending on
whether or not outcome assessors were independent from those
involved in participant care management decisions. In none of the
32 trials was it stated that the outcome assessor was blinded. We
have described above whether cannulation was performed with
participants awake, sedated or anaesthetized. However, in no trial

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 21
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

+ § Cochrane
é) Library

Cochrane Database of Systematic Reviews

was any attempt made to blind participants to the technique being
used. This may be a potential source of detection bias, as several
of the assessed outcomes may be subjective (e.g. complication
rate, participant satisfaction), although in fact no trial studied
participant-reported outcome measures.

Incomplete outcome data
Completeness of data on main outcomes

Incomplete outcome data were addressed in 30 studies (US N =
24, USD N = 4 (Branger 1994; Gilbert 1995; Legler 1983; Vucevic
1994), US and USD N =2 (Verghese 1995; Verghese 1996)) with low
risk of attrition bias and in five studies (US N = 2 (Chuan 2005;
Grebenik 2004), USD N =2 (Branger 1995; Gratz 1994), US and USD
N =1 (Scherhag 1989)) with high risk of attrition bias. In these five
trials, incomplete outcome data were not adequately addressed.
(Outcomes of participants who withdrew or were excluded after
allocation were neither detailed separately nor included in an
intention-to-treat analysis, or the text stated that no withdrawals
occurred (Branger 1995; Chuan 2005; Gratz 1994, Grebenik 2004;
Scherhag 1989)). We believe that the potential for attrition bias is
therefore high in these studies.

A comparison of outcomes mentioned in the publication versus
endpoints planned in the study protocol was not possible for any of
the studies because not a single protocol was published.

In 25 studies, included participants were selected (US N = 19
(Agarwal 2009; Alderson 1992; Armstrong 1993; Bansal 2005; Bock
1999; Chuan 2005; Grebenik 2004; Hayashi 2002; Hrics 1998; Leung
2006; Lin 1998; Mallory 1990; Milling 2005; Palepu 2009; Soyer 1993;
Sulek 2000; Troianos 1990; Troianos 1991; Turker 2009), USD N
= 3 (Branger 1994; Branger 1995; Gilbert 1995), US and USD N =
3 (Scherhag 1989; Verghese 1995; Verghese 1996)), in four they
were not selected (US N =4 (Denys 1993; Hayashi 1998; Karakitsos
2006; Teichgraber 1997)) and in six selection was unclear (Gratz
1994; Heatly 1995; Johnson 1994; Legler 1983; Ovezov 2010; Vucevic
1994). However we believe that the potential for selection bias is
low in these studies.

In 19 studies (US N = 16 (Alderson 1992; Armstrong 1993; Bock
1999; Chuan 2005; Denys 1993; Hayashi 1998; Hayashi 2002; Heatly
1995; Johnson 1994; Lin 1998; Mallory 1990; Ovezov 2010; Soyer
1993; Teichgraber 1997; Troianos 1990; Troianos 1991), USD N =1
(Legler 1983), US and USD N = 2 ( Verghese 1995; Verghese 1996)),
it remains unclear whether there were withdrawals. In 15 studies
no withdrawals were reported, and in one study, withdrawals were
described (Hrics 1998).

In seven studies (US N = four (Chuan 2005; Grebenik 2004; Hrics
1998; Palepu 2009), USD N = 2 (Branger 1995; Gratz 1994), US
and USD N = 1 (Scherhag 1989)) participants were excluded
after randomization, in 23 studies no postrandomization exclusion
occurred and in five studies this remains unclear (US N = four
(Alderson 1992; Heatly 1995; Johnson 1994; Ovezov 2010), USD N =
1 (Verghese 1995)).

No intention-to-treat (ITT) analyses were performed in nine studies
(US N =5 (Chuan 2005; Grebenik 2004; Hrics 1998; Johnson 1994;
Palepu 2009), USD N = 3 (Branger 1994; Branger 1995; Gratz 1994),
US and USD N =1 (Scherhag 1989)). In 17 studies ITT analyses were
performed (Alderson 1992; Bansal 2005; Bock 1999; Denys 1993;
Gilbert 1995; Karakitsos 2006; Legler 1983; Leung 2006; Mallory

1990; Milling 2005; Soyer 1993; Sulek 2000; Teichgraber 1997;
Troianos 1990; Troianos 1991; Turker 2009; Vucevic 1994), and in
nine studies it is unclear whether ITT analyses were performed.

In none of the studies did we find an excessive dropout rate.

Selective reporting

In no study can selective reporting (selective availability of
data; selective reporting of outcomes, time points, subgroups or
analyses) be excluded because none of the studies had a published
protocol.

Two of the studies were not free from the suggestion of selective
outcome reporting but had low risk of bias (LM group complication
rate indicated, US group complication rate not indicated (Hayashi
2002; Scherhag 1989)).

We believe that all other studies were free from the suggestion
of selective outcome reporting. Outcomes listed in the Methods
section (if a Methods section was provided) were reported in the
Results section in all studies.

Other potential sources of bias

A priori sample size calculations were conducted in none of the
studies. None of the studies was stopped early, for example, by the
data monitoring committee. Conflicts of interest were not reported
in any of the studies.

Effects of interventions

See: Summary of findings for the main comparison Ultrasound
guidance compared with anatomical landmarks for internal jugular
vein cannulation for central vein catheterization; Summary of
findings 2 Doppler guidance compared with anatomical landmarks
forinternal jugular vein cannulation for central vein catheterization

Almost all of the included studies had high risk of bias, and
heterogeneity was substantial. Our results therefore must be
interpreted with caution. Further, our planned sensitivity analyses
were not feasible, as these trials could not be separated into 'high
quality' and 'poor quality' studies.

The results are presented in two sections.
A. Anatomical landmark versus two-dimensional ultrasound.
B. Anatomical landmark versus Doppler ultrasound.

For each outcome, differential effects between studies in which
ultrasound was used for puncture, or indirectly to locate the vein
before puncture, or for which the method was not reported, when
available, can be found in the tables within the ‘Data and analyses’
section later in the review. None of the studies assessed participant
discomfort during the procedure, and none assessed mortality.

Section A. Landmark versus two-dimensional ultrasound

Heterogeneity was substantial for all comparisons except the adult
subgroup analysis for therisk of arterial puncture. Arandom-effects
model was used for all analyses.
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1. Total number of perioperative and postoperative
complications/adverse events

All participants

This outcome was reported in 14 trials, including 2406 participants
(Agarwal 2009; Bansal 2005; Bock 1999; Denys 1993; Grebenik 2004;
Heatly 1995; Leung 2006; Lin 1998; Milling 2005; Palepu 2009; Soyer
1993; Turker 2009; Verghese 1995; Verghese 1996) (see Figure 4 and

Figure 5). Use of two-dimensional ultrasound decreased the total
number of perioperative and postoperative complications by 71%
(risk ratio (RR) 0.29, 95% confidence interval (ClI) 0.17 to 0.52; P
value <0.0001, 1> = 57%) (see Analysis 1.1). The quality of evidence
was very low (Summary of findings for the main comparison). The
inverted funnel plot for the primary outcome of the total number of
perioperative and postoperative complications/adverse events did
suggest publication bias, but trials were relatively few to permit an
accurate assessment (Figure 5).

Figure 4. Forest plot of comparison: 1 Traditional landmark versus ultrasound guidance for internal jugular vein
cannulation for central vein catheterization, outcome: 1.1 Complication rate total.
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Figure 5. Funnel plot of comparison: 1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization, outcome: 1.1 Complication rate total.
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The funnel plot including all studies of traditional landmark
guidance versus ultrasound guidance for internal jugular vein
cannulation for central vein catheterization shows marked
heterogeneity at the top and asymmetry at the bottom of the
funnel. The small studies by Verghese 1996 (RR 0.03, 95% ClI
0.00 to 0.50; 43 vs 52 participants) and Grebenik 2004 (RR 1.93,
95% CI 0.87 to 4.26; 59 vs 65 participants) may be considered
outliers. They may indicate risk for publication bias (i.e. small
studies with null effect are less likely to get published) or very poor
implementation of the experimental intervention, respectively.
However, inclusion of both outlying studies in the analysis seems to
result in a conservative estimate of treatment effect in favour of the
experimental intervention.

Adults

This outcome was analysable in 10 studies (Agarwal 2009; Bansal
2005; Bock 1999; Denys 1993; Heatly 1995; Leung 2006; Lin 1998;
Palepu 2009; Soyer 1993; Turker 2009) including 2014 adults. Use
of two-dimensional ultrasound decreased the total number of
perioperative and postoperative complications and reduced the
complication rate by 73% (RR 0.27, 95% CI 0.18 to 0.40; P value <
0.00001, 12 = 0%) (see Analysis 3.1). The inverted funnel plot for this

outcome did not suggest publication bias, but trials were relatively
few to permit an accurate assessment.

Children

This outcome was studied in four trials including 291 children
(Alderson 1992; Grebenik 2004; Verghese 1995; Verghese 1996). No
evidence was found of a reduction in complications with the use of
ultrasound (RR 0.37,95% CI 0.09 to 1.46; P value 0.16, 12 = 77%) (see
Analysis 4.1).

Inexperienced operators

Data for this subgroup were presented in five studies including
643 participants (Bansal 2005; Grebenik 2004; Soyer 1993; Turker
2009; Verghese 1995). No evidence was found of a reduction in
complications for inexperienced operators (RR 0.35,95% CI 0.10 to
1.28; P value 0.11, 1> = 67%) (see Analysis 5.1).

Experienced operators

Data for this subgroup were presented in eight studies including
1532 participants. Use of two-dimensional ultrasound decreased
the total number of perioperative and postoperative complications
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by 71% (RR 0.29, 95% C1 0.19 to 0.43; P value < 0.00001, I* = 0%) (see
Analysis 6.1).

2. Overall success rate

All participants

This outcome was reported in 23 trials including 4340 participants
(Alderson 1992; Armstrong 1993; Bansal 2005; Chuan 2005; Denys
1993; Grebenik 2004; Hayashi 2002; Heatly 1995; Hrics 1998;
Johnson 1994; Karakitsos 2006; Leung 2006; Lin 1998; Mallory 1990;
Milling 2005; Ovezov 2010; Palepu 2009; Scherhag 1989; Soyer 1993;
Troianos 1990; Troianos 1991; Turker 2009; Verghese 1996). Use of
two-dimensional ultrasound increased the overall success rate by
12% (RR 1.12, 95% CI 1.08 to 1.17; P value < 0.00001, |> = 85%) (see
Analysis 1.2). The quality of the evidence was very low (Summary of
findings for the main comparison).

Adults

This outcome was presented in 18 trials including 3669 participants
(Armstrong 1993; Bansal 2005; Denys 1993; Hayashi 2002; Heatly
1995; Hrics 1998; Johnson 1994; Karakitsos 2006; Leung 2006; Lin
1998; Mallory 1990; Milling 2005; Palepu 2009; Scherhag 1989; Soyer
1993; Troianos 1990; Troianos 1991; Turker 2009). Use of two-
dimensional ultrasound increased the overall success rate by 9%
(RR 1.09, 95% CI 1.05 to 1.13; P value < 0.00001, I? = 80%) (see
Analysis 3.2).

Children

This outcome was reported in five studies, including 530 children
(Alderson 1992; Chuan 2005; Grebenik 2004; Ovezov 2010; Verghese
1996). Use of two-dimensional ultrasound increased the overall
success rate by 22% (RR 1.22, 95% CI 1.00 to 1.49; P value 0.05, I* =
85%) (see Analysis 4.2).

Inexperienced operators

This outcome was reported in 13 studies including 1427
participants (Armstrong 1993; Bansal 2005; Chuan 2005; Grebenik
2004; Heatly 1995; Hrics 1998; Johnson 1994; Ovezov 2010;
Scherhag 1989; Soyer 1993; Troianos 1990; Troianos 1991; Turker
2009). Use of two-dimensional ultrasound increased the overall
success rate by 9% (RR 1.09, 95% CI 1.02 to 1.16; P value 0.01, 1> =
86%) (see Analysis 5.2).

Experienced operators

This outcome was reported in nine studies including 2513
participants (Alderson 1992; Denys 1993; Hayashi 2002; Hrics 1998;
Karakitsos 2006; Lin 1998; Mallory 1990; Palepu 2009; Verghese
1996). Use of two-dimensional ultrasound increased the overall
success rate by 11% (RR 1.11,95% CI 1.06 to 1.16; P value <0.00001,
12=72%) (see Analysis 6.2).

3. Number of attempts until success

All participants

This outcome was reported in 16 trials including 3302 participants
(Agarwal 2009; Alderson 1992; Armstrong 1993; Chuan 2005; Denys
1993; Johnson 1994; Karakitsos 2006; Lin 1998; Milling 2005;
Ovezov 2010; Soyer 1993; Sulek 2000; Troianos 1990; Troianos 1991,
Turker 2009; Verghese 1996). Use of two-dimensional ultrasound

decreased the number of attempts needed to succeed (mean
difference (MD) -1.19 attempts, 95% CI -1.45 to -0.92; P value <
0.00001, I*=96%) (see Analysis 1.3). The quality of the evidence was
very low (Summary of findings for the main comparison).

Adults

This outcome was reported in 12 studies including 2896
participants (Agarwal 2009; Armstrong 1993; Denys 1993; Johnson
1994; Karakitsos 2006; Lin 1998; Milling 2005; Soyer 1993; Sulek
2000; Troianos 1990; Troianos 1991; Turker 2009). Use of two-
dimensional ultrasound decreased the number of attempts needed
to succeed (MD -1.18 attempts, 95% Cl -1.50 to -0.85; P value <
0.00001, 1> =93%) (see Analysis 3.3).

Children

This outcome was reported in four studies including 406 children.
If one looks at these studies, which exclusively included children
(Alderson 1992; Chuan 2005; Ovezov 2010; Verghese 1996), use of
two-dimensional ultrasound decreased the number of attempts
needed to succeed (MD -1.24 attempts, 95% CI-1.72t0 -0.77; P value
<0.00001, 12 = 75%) (see Analysis 4.3).

Inexperienced operators

Data were presented for this outcome in eight studies including
1132 participants. If one looks at the eight studies, which
exclusively included inexperienced operators (D: Ovezov 2010;
Soyer 1993; Troianos 1990; Troianos 1991; Turker 2009; ID:
Armstrong 1993; Chuan 2005; Johnson 1994), use of two-
dimensional ultrasound decreased the number of attempts needed
to succeed (MD -1.21 attempts, 95% Cl -1.59 to -0.83; P value <
0.00001, I> =97%) (see Analysis 5.3).

Experienced operators

Data were presented for this outcome in seven studies including
2029 participants (Agarwal 2009; Alderson 1992; Denys 1993;
Karakitsos 2006; Lin 1998; Sulek 2000; Verghese 1996). Use of two-
dimensional ultrasound decreased the number of attempts needed
to succeed (MD -1.09, 95% Cl -1.52 to -0.66; P value < 0.00001, I =
88%) (see Analysis 6.3).

4. Number of participants with an arterial puncture

All participants

In 22 studies including 4388 participants, the overall number
of participants with an arterial puncture was reported (Agarwal
2009; Alderson 1992; Armstrong 1993; Bansal 2005; Bock 1999;
Chuan 2005; Denys 1993; Grebenik 2004; Hayashi 1998; Hayashi
2002; Karakitsos 2006; Leung 2006; Lin 1998; Ovezov 2010;
Palepu 2009; Soyer 1993; Sulek 2000; Teichgraber 1997; Troianos
1990; Troianos 1991; Turker 2009; Verghese 1996). Use of two-
dimensional ultrasound decreased the number of participants with
an arterial puncture by 72% (RR 0.28, 95% CI 0.18 to 0.44; P value
<0.00001, I? = 35%) (see Analysis 1.4). The quality of the evidence
was low (Summary of findings for the main comparison).

Adults

This outcome was reported in 18 studies including 3920 adults.
Use of two-dimensional ultrasound decreased the number of
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participants with an arterial puncture by 74% (RR 0.26, 95% CI 0.18
t0 0.37; P value <0.00001, 12 = 0%) (see Analysis 3.4).

Children

This outcome was reported in five studies, including 530 children.
No evidence of a difference was found when two-dimensional
ultrasound was used (RR 0.20, 95% CI 0.03 to 1.35; P value 0.10, I?
=79%) (see Analysis 4.4).

Experienced operators

Data were presented for this outcome in 10 studies including
2632 participants (Agarwal 2009; Alderson 1992; Armstrong 1993;
Bock 1999; Denys 1993; Karakitsos 2006; Lin 1998; Palepu 2009;
Sulek 2000; Teichgraber 1997). Use of two-dimensional ultrasound
decreased the number of participants with an arterial puncture by
73% (RR 0.27, 95% CI 0.17 to 0.44; P value < 0.00001, 12 = 16%) (see
Analysis 6.4).

5. Number of participants with significant haematoma
formation

All participants

The number of participants with significant haematoma formation
was reported in 13 trials including 3233 participants (Agarwal 2009;
Bansal 2005; Bock 1999; Chuan 2005; Denys 1993; Grebenik 2004;
Karakitsos 2006; Leung 2006; Lin 1998; Palepu 2009; Sulek 2000;
Teichgraber 1997; Turker 2009). Use of two-dimensional ultrasound
decreased the number of participants with significant haematoma
formation by 73% (RR 0.27, 95% CI 0.13 to 0.55; P value 0.0004, 12 =
54%) (see Analysis 1.5). The quality of the evidence was very low.

Adults

This outcome was reported in 11 studies including 3047
participants (Agarwal 2009; Bansal 2005; Bock 1999; Denys 1993;
Karakitsos 2006; Leung 2006; Lin 1998; Palepu 2009; Sulek 2000;
Teichgraber 1997; Turker 2009). Use of two-dimensional ultrasound
decreased the number of participants with significant haematoma
formation by 77% (RR 0.23, 95% Cl 0.12 to 0.44; P value < 0.00001,
12 =35%) (see Analysis 3.5).

6. Number of participants with other complications
(thrombosis, embolism, haematomediastinum and
hydromediastinum, haematothorax and hydrothorax,
pneumothorax, subcutaneous emphysema, nerve injury)

All participants

This outcome was reported in 11 trials including 3042 participants
(Agarwal 2009; Alderson 1992; Denys 1993; Grebenik 2004;
Karakitsos 2006; Leung 2006; Lin 1998; Palepu 2009; Teichgraber
1997; Turker 2009; Verghese 1996). Use of two-dimensional
ultrasound decreased the number of participants with other
complications by 66% (RR 0.34, 95% Cl 0.15 to 0.76; P value 0.009, |2
=17%) (see Analysis 1.6). The quality of the evidence was moderate
(Summary of findings for the main comparison).

Adults

In adults (nine trials, 2830 adults) (Agarwal 2009; Denys 1993;
Karakitsos 2006; Leung 2006; Lin 1998; Palepu 2009; Soyer 1993;
Teichgraber 1997; Turker 2009), no evidence of a difference was

found (RR 0.35, 95% CI 0.11 to 1.12; P value 0.08, 1> = 34%) (see
Analysis 3.6).

Children

In children (three trials, 259 children), use of two-dimensional
ultrasound decreased the number of participants with other
complications by 73% (RR 0.27, 95% CI 0.10 to 0.76; P value 0.01, I?
=0%) (see Analysis 4.5).

7. Time to successful cannulation

Overall, 14 different definitions of time taken for cannulation
were reported in 20 trials including 3451 participants. Overall, use
of two-dimensional ultrasound decreased the time to successful
cannulation by 30.52 seconds (MD -30.52 seconds, 95% Cl -55.21
to -5.82; P value 0.02, 1> = 97%) (see Analysis 1.7). The quality
of the evidence was very low (Summary of findings for the main
comparison).

This finding was not repeated in the subgroups examined: adults
(11 different definitions, 16 trials, 3160 participants) (MD -13.07
seconds, 95% Cl -40.57 to 14.44; P value 0.35, 1> = 98%) (see Analysis
3.7); children (three different definitions, four trials, 291 children)
(MD -90.70 seconds, 95% Cl -184.74 to 3.35; P value 0.06, |2 =
87%) (see Analysis 4.6); inexperienced operators (eight different
definitions, nine trials, 1057 participants) (MD 5.6 seconds, 95%
Cl -50.51 to 61.71; P value 0.84, I> = 97%) (see Analysis 5.4); and
experienced operators (seven trials, 2073 participants) (MD -31.9
seconds, 95% CI -76.07 to 12.28; P value 0.16, 1> = 98%) (see Analysis
6.6). We made no further differentiation regarding the different
times, as a variety of definitions of time to successful cannulation
were involved.

8. Success on the first attempt

Overall, success at the first attempt was reported in 18 trials
including 2681 participants (Agarwal 2009; Armstrong 1993; Bansal
2005; Bock 1999; Denys 1993; Hayashi 1998; Hrics 1998; Johnson
1994; Leung 2006; Lin 1998; Mallory 1990; Milling 2005; Ovezov 2010;
Palepu 2009; Scherhag 1989; Teichgraber 1997; Troianos 1990;
Troianos 1991). Use of two-dimensional ultrasound increased the
chance of success at the first attempt by 57% (RR 1.57, 95% ClI
1.36 to 1.82; P value < 0.00001, I* = 82%) (see Analysis 1.8). The
quality of the evidence was moderate (Summary of findings for
the main comparison). In adults—the only subgroup for which data
were available (15 studies, 2291 adults)—use of two-dimensional
ultrasound increased the chance of success at the first attempt by
51% (RR 1.51, 95% CI 1.30 to 1.75; P value < 0.00001, I = 82%) (see
Analysis 3.8).

9. Success on the second attempt

Success on the second attempt was reported in six trials including
1156 adults (Bock 1999; Denys 1993; Hayashi 2002; Lin 1998; Mallory
1990; Troianos 1990). Use of two-dimensional ultrasound increased
the chance of success at the second attempt by 19% (RR 1.19, 95%
Cl1.07to0 1.32; Pvalue 0.001, I*=78%) (see Analysis 1.9). The quality
of the evidence was low.

10. Success on the third attempt

Success on the third attempt was reported in two trials including
189 adults (Hayashi 2002; Mallory 1990). No evidence of a difference
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was found when ultrasound was used (RR 1.22,95% CI 0.66 to 2.28;
P value 0.52, 1 = 88%) (see Analysis 1.10).

Section B. Landmark versus Doppler ultrasound

For many of the analyses, it was not possible to perform subgroup
analyses because the relevant groups of participants had not been
studied. Heteregeneity was largely low, except for time to successful
cannulation, for which it was moderate. We used a random-effects
model throughout.

1. Total number of perioperative and postoperative
complications/adverse events

The total number of perioperative and postoperative
complications/adverse events was reported in three trialsincluding
93 participants (Branger 1994; Legler 1983; Verghese 1995). No
evidence was found of a difference when Doppler ultrasound was
used (RR0.52,95% C10.16to 1.71; P value 0.28, 1> = 0%) (see Analysis
2.1). The quality of the evidence was low (Summary of findings 2).

2. Overall success rate

The overall success rate was reported in seven trials including
289 participants (Branger 1994; Branger 1995; Gilbert 1995; Gratz
1994; Legler 1983; Scherhag 1989; Vucevic 1994). No evidence of a
difference in this outcome was found (RR 1.09, 95% CI 0.95 to 1.25;
P value 0.20, 1 =72%) (see Analysis 2.2). The quality of the evidence
was very low (Summary of findings 2).

3. Number of attempts until success

The total number of attempts until success was reported in two
trials including 69 participants (Branger 1995; Gratz 1994). No
evidence of a difference in this outcome was found (MD -0.63, 95%
Cl-1.92t0 0.66; P value 0.34, 12 = 75%) (see Analysis 2.3). The quality
of the evidence was very low (Summary of findings 2).

4. Number of participants with an arterial puncture

The overall number of participants with an arterial puncture was
reported in six trials including 213 participants (Branger 1994; Gratz
1994; Legler 1983; Scherhag 1989; Verghese 1995; Vucevic 1994). No
evidence of a difference for this outcome was found (RR 0.61, 95%
C10.21 to 1.73; P value 0.35, I* = 0%) (see Analysis 2.4). The quality
of the evidence was low (Summary of findings 2).

5. Number of participants with significant haematoma
formation

This outcome was reported in only one trial.

6. Number of participants with other complications

None of the trial authors reported this outcome.

7. Time to successful cannulation

We included five trials (214 participants), each using a different
definition for this outcome (Branger 1994; Gilbert 1995; Gratz 1994;
Scherhag 1989; Verghese 1995). No evidence of a difference in this
outcome was found (MD 62.04 seconds, 95% Cl -13.47 to 137.55; P
value 0.11, 1> = 50%). We made no further differentiation regarding
the different times, as such a variety of definitions were involved
(see Analysis 2.5). The quality of the evidence was moderate
(Summary of findings 2).

8. Success on the first attempt

This outcome was reported in four trials including 199 participants
(Gilbert 1995; Gratz 1994; Legler 1983; Scherhag 1989). Overall, use
of Doppler ultrasound increased the chance of success at the first
attempt by 58% (RR 1.58, 95% Cl 1.02 to 2.43; P value 0.04, 1> =57%)
(see Analysis 2.6). The quality of the evidence was low (Summary of
findings 2).

9. Success on the second attempt

Success with attempt number two was reported in only one trial
(Scherhag 1989).

10. Success on the third attempt

Success with attempt number three was reported in only one trial
(Scherhag 1989).

DISCUSSION

Summary of main results

Our analyses of available data suggest that two-dimensional
ultrasound improves many, but not all, aspects of the effectiveness
and safety of venous catheter insertion into the internal jugular
vein.

The methodological quality of the studies varied from very low to
moderate (see Summary of findings for the main comparison and
Summary of findings 2). Based on available evidence, use of two-
dimensional ultrasound reduced the rate of total complications
(all participants, adults, experienced operators), the number of
participants with an inadvertent arterial puncture (all participants,
adults, experienced operators) and the time taken for successful
cannulation (all participants). It also increased overall success
rates (all participants, adults, children, inexperienced operators,
experienced operators) and decreased the number of attempts
needed for successful cannulation (all groups). It increased the
chance of success at the first attempt (all participants, adults) whilst
reducing the chance of haematoma formation (all participants,
adults, experienced operators). Further, more data are available
to support the use of ultrasound during, not simply before, line
insertion. Because of missing data, we did not compare the effects
in experienced versus inexperienced operators for all outcomes
(arterial puncture, haematoma formation, other complications,
success with attempt number one), and so the relative utility
of ultrasound in these groups remains unclear, and no data are
available on use of this technique in patients at high risk for
complications.

Use of Doppler ultrasound increased the chance of success at the
first attempt. No evidence was found of differences in the total
number of perioperative and postoperative complications/adverse
events, the overall success rate, the total number of attempts
until success, the overall number of participants with an arterial
puncture and the time to successful cannulation when Doppler
ultrasound was used. It was not possible to perform analyses for the
other outcomes because they were reported in only one trial.

None of the studies addressed the impact of ultrasound guidance
on mortality, length of hospital stay or patient-reported outcomes
(pain, discomfort). Finally, whether infection rates are increased
by the use of ultrasonic apparatus because the transducer is
brought into the puncture field, which may possibly lead to
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local infection, or if the number of required puncture attempts is
reduced, was investigated by none of the reviewed studies and
remains unanswered, as does the question of whether shorter
puncture duration and smaller numbers of punctures of the arteria
carotis and haematomas lead to a reduction in the infection rate.

Our review was not able to provide a complete answer to the
question of whether ultrasound helps inexperienced practitioners
more (or indeed less) than it helps experienced staff. Using
ultrasound safely requires consideration of the following points.
Use of US for vascular access requires training (Feller-Kopman
2007; Lamperti 2010; Resnick 2008). The operator should learn the
physical fundamentals of the procedure and its limitations, and
should learn to deal with the equipment used (image optimization,
probe manipulation, imaging techniques) and simultaneous
handling of the transducer and the needle both inside and outside
of the plane (French 2008). The operator should then practise under
experienced supervision (Feller-Kopman 2007), as with adequate
training in US-guided vascular access, complications are reduced
(Seto 2010; Schoenfeld 2011), but this approach may be harmful
if training is inadequate (Weiner 2012). Whether the infection
rate is increased by the use of ultrasonic apparatus because
the transducer is brought into the puncture field, may lead to
additional local infection, or if the number of required puncture
attempts is reduced, was investigated by none of the reviewed
studies and remains unanswered, as does the question of whether
shorter puncture duration and smaller numbers of punctures of
the arteria carotis and haematomas lead to a reduction in the
infection rate.Aseptic procedures should be performed to avoid
infection. Current guidelines of the Centers for Disease Control
and Prevention (CDC) suggest that sterile US cover shields should
be used to reduce the risk of central line-associated bloodstream
infection (CLABSI).

The results of our analyses must be interpreted with caution for
several reasons. The methodological quality of the evidence was
very low or low for most of the outcomes and was moderate at
best for four of the outcomes. Most of the included trials had
unclear risk of bias across the six domains and heterogeneity
among the studies was significant. Possible reasons for this are
the various access approaches, patient positions and techniques
of both puncture and cannulation that were used. Another major
problem in evaluating these studies was that exact details on
the training experience of the operators for each method were
absent or inaccurate, and that the experience that the operators
had with each method was very unevenly distributed in most
of the studies. It must be pointed out that in many studies
included in this review, operators with limited experience in US-
guided vascular access techniques were included; however, these
techniques require training and experience for optimization of the
risk-benefit ratio. Experience with the landmark technique and
limited practice with US-guided vascular access will lead to an
underestimation of the potential beneficial effects of the US-guided
technique. In addition, only one study describes the 'learning
curve' of the operators within the study, and this only for those
performing the US technique. These factors could have introduced
significant bias in either direction. Additional limitations included
the unblinded design (operator bias, outcome assessor bias) and
failure to clearly define the outcomes measured. It is not clear
whether the results mentioned above and the conclusions derived
from them are also valid for emergency procedures. Unfortunately
none of the studies evaluated for this review contains a cost-benefit

analysis for ultrasound guidance. In addition, more than half of the
studies reviewed are older than 15 years. So they were performed
at a time when the technology of the equipment and experience in
dealing with it were still significantly limited.

In general, it will become more difficult in the future to justify
catheterization of the internal jugular vein without ultrasound. In
time, use of ultrasound for invasive procedures is likely to become
as fundamental a part of anaesthetic practice as preoperative
fasting (Smith 1997). However, evidence is lacking for patients
at higher risk of complications—for instance, in the presence of
anatomical variation or difficult veins (obese patients, patients
with oedema or haematomas, those with weak or missing arterial
pulsations, children) or coagulation disorders. Ultrasound in itself
will help screen for vessel patency and vascular abnormalities and
variants. No evidence suggests whether it should be used from
the outset, or whether it should be a 'fall back' technique when
the landmark approach has failed, and opinions vary (Atkinson
2005; Calvert 2003; Muhm 2002; Scott 2004; Watters 2002). Formal
guidance advocating the use of ultrasound-guided catheterization
is available from the US Agency for Healthcare Research and
Quality in the United States (Shojania 2001), the UK National
Institute of Clinical Excellence (NICE) (NICE 2002), the American
Society of Echocardiography and the Society of Cardiovascular
Anesthesiologists (Troianos 2012) and the American Society of
Anesthesiologists (Rupp 2012).

The review authors' personal view is that ultrasound guidance
should not be required in all patients. We think that it should be
used at any rate in patients with anatomical variation or difficult
veins (obese patients, patients with oedema or haematoma, those
with weak or missing arterial pulsations, paediatric patients) or
coagulative disorders. Also ultrasound is helpful in screening for
vessel patency and vascular abnormalities and variants. Some
experts believe that it is indefensible to not use ultrasound
(Bodenham 2006). However, we believe it is vital to maintain
skills with the landmark technique for use when ultrasound is not
available (Brass 2001; NICE 2002), and to remind practitioners that
it is not always necessary to slavishly follow guidance in cases
where it is not indicated, although some are wary of medicolegal
consequences if they do not (Augoustides 2009; Hessel 2009).

Likewise, we do not accept economic arguments against the
widespread introduction of ultrasound-guided methods; although
none of our review data allow us to comment further on this, others
have explored this aspect in greater detail (Calvert 2003; Calvert
2004; Kinsella 2009).

Applying guidelines to real-life clinical practice can be difficult
because their effectiveness is dependent upon many factors
including clinician acceptance of them, workload, availability of
equipment, frequency of assessments and continuing assessment
and feedback to ensure compliance with them (Girard 2005; Tovey
2007). Also, data on patient-relevant outcomes such as mortality
or patient discomfort are sparse (small number of events for
mortality) or are not available for any study (end-organ damage) for
adequate evaluation of the efficacy of using ultrasound techniques.
Because our systematic review shows the benefit of using two-
dimensional ultrasound for real-time sonographic cannulation
of the internal jugular vein in most subgroups and groups of
operators, it will become more difficult to justify use of the
landmark technique in the future.
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Overall completeness and applicability of evidence

The included 35 studies recruited 5108 patients with a variety
of underlying diseases in a variety of settings and a variety of
operators (different disciplines and experience), which should
increase the applicability of the results.

Our systematic approach to the search, study selection and data
extraction should have minimized the likelihood of missing relevant
studies.

Because of our comprehensive search strategy, the additional
handsearch and contact with different companies and experts in
the field, we are confident that we have identified all randomized
trials comparing ultrasound techniques for internal jugular vein
puncture during central venous catheter instillation in adults and
children with landmark-guided puncture techniques.

With respect to the reports of Hayashi (Hayashi 1998; Hayashi 2002)
and Troianos (Troianos 1990; Troianos 1991), we assumed that the
two publications from each study author reported two separate
studies. Regarding the study of Ovezov (Ovezov 2010), data are
also available on the Internet; we wrote to the study author to ask
for clarification and to request additional information related to
study methods and data, but our enquiry remains unanswered. We
included the study with conservative results.

Quality of the evidence

The quality of the evidence was very low for most of the outcomes
(N =5) and moderate at best for three of the outcomes for using US.
For using USD the quality of the evidence was low (N =3) or very low
(N =2) for most of the outcomes and moderate at best for one of the
outcomes. Most of the trials had unclear risk of bias across the six
domains and heterogeneity among the studies was significant.

We originally planned to undertake exploratory subgroup analysis
to find out if contextual factors (type of operator, setting) or
intervention factors (type of protocol or approach) were the
cause of the heterogeneity. However, because of the wide
variety of procedures, operators and circumstances under which
cannulations took place, we performed subgroup analyses only on
theimpact of types of participants (adults, children) and experience
of the operators.

It is not easy to isolate the reasons for heterogeneity because
puncture of vessels with insertion of catheters is a complex process.
It is plausible that the discordance in results among studies may
be due to contextual factors (differences in participant populations
and practice) or intervention factors.

In relation to intervention factors, many methodological
differences among studies may have contributed to heterogeneity.

In relation to risk of bias within studies, methodological quality
ranged from very low to moderate. The intervention could not
be blinded to personnel, which is understandable. It is plausible
therefore that the unblinded nature of the intervention may have
prompted a change in behaviour, and this may have affected
results.

The methodological quality of the trials was moderate at best.
Allocation concealment was described adequately in seven of 35
trials. In all studies outcome assessment was not blinded, or

it was unclear. Clearly blinding of the operator is not possible
in this type of work; however no trial except the one in which
participants were sedated or anaesthetized attempted to blind the
participant. Clinical heterogeneity was considerable in terms of the
range of patients and operators studied, the approaches used and
the ultrasound machines and probes involved. Further, different
studies used different methods and time periods for puncturing the
vein and placing the catheter.

Performance of central venous catheterization is clearly dependent
on the expertise of the operator for the landmark and for the
ultrasound method and technique used. Advances in medicine
do not come simply from the availability of new technology but
depend on how the technology is actually applied (Guimares
2009). The experience of practitioners and their faculties in both
ultrasound techniques and control techniques and the number
of practitioners involved varied across trials. In 10 of the studies
no details on the experience of the operators who carried out
the procedure were provided. In 25 of the studies details on the
experience of the operators who carried out the procedure were
provided. Procedures were carried out by medical students (Turker
2009) to experienced anaesthetists (Bock 1999; Gratz 1994; Vucevic
1994). Furthermore, whatever the experience of the operator,
certain 'tacit' factors involved in performing practical procedures
are not (and indeed cannot be) recorded in the report of a clinical
trial but nevertheless influence the effectiveness and safety of
the procedure (Goodwin 2005; Mort 2009). Some of these include
non-technical skills and, although less obvious, are an essential
part of expert performance (Smith 2009; Smith 2010; Smith 2011).
It may be that some of our findings (e.g. the apparent lack of
benefit for experienced operators in number of attempts needed
for success) are a result of the fact that these practitioners are
already highly skilled. It is also possible that use of ultrasound may
have differential effects on quality as opposed to safety, and even
experienced operators can become safer even when their success
rates do not improve.

The included studies cover a period of 21 years, during which
considerable change has occurred in the technology of ultrasound
devices and the availability of ultrasound in anaesthetic practice.

Potential biases in the review process

Our systematic approach to searching, selecting studies and
extracting data should have minimized the likelihood of missing
relevant studies. A very comprehensive search strategy was applied
to identify all potential studies and their reports. However,
although 35 studies were identified, information on several
relevant outcome data prespecified in our protocol was not always
or was never reported (patient discomfort). Several of these
outcome measures are important in making an informed and
balanced decision regarding which technique should be used in
which situation. Some most likely were not ascertained during
the trial; others could have been collected but not reported.
Unfortunately, even after contacting the primary investigators, we
have not been able to obtain additional data to date.

We followed the methodology for systematic reviews outlined
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) (e.g. extracting data independently in duplicate to
minimize error and reduce bias in the process).
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One particular outcome deserves mention here: The definition
of 'time to cannulation' varied considerably between studies. We
made the decision to pool data for this outcome, but given high
heterogeneity, the results should be interpreted with caution.

Given the lag time between the date of the search (January 2013)
and publication of the review, it is possible that studies of interest
were not considered. We reran the search in August 2014 and found
five eligible studies (Airapetian 2013; Bikash 2014; Cajozzo 2004,
Gok 2013; Shrestha 2011), which now are awaiting classification.
We will deal with them when we update the review.

Agreements and disagreements with other studies or
reviews

Seven meta-analyses (Calvert 2003; Hind 2003; Keenan 2002;
Randolph 1996; Rothschild 2001; Sigaut 2009; Wu 2013) have
compared the effectiveness of ultrasound guidance versus the
traditional landmark technique for central vein catheterization.

Calvert and Hind et al conducted a meta-analysis to assess the
evidence for clinical effectiveness of ultrasound-guided central
venous cannulation (Calvert 2003; Hind 2003). That meta-analysis
included only studies in which investigators used real-time two-
dimensional ultrasonography or Doppler needles and probes and
compared this method with the anatomical landmark method
of cannulation, and in which the study authors used a different
statistic and did not report any subgroup analysis. Their systematic
reviews show clear benefit from two-dimensional ultrasound
guidance for central venous access compared with the landmark
method. This was manifest in a lower technical failure rate (overall
and on first attempt), a reduction in complications and faster
access. The study authors wrote that one explanation for these
benefits is that ultrasonography clarifies the relative position of the
needle and the vein and its surrounding structures, and that the
image offered by two-dimensional ultrasonography allows the user
to predict variant anatomy and to assess the patency of a target
vein. The study authors concluded that "catheterization under two
dimensional ultrasound guidance is quicker and safer than the
landmark method in both adults and children. Two dimensional
ultrasound guidance is more effective than Doppler ultrasound
guidance for more difficult procedures."

Randolph et al conducted a meta-analysis to evaluate the effect
of real-time ultrasound guidance using a regular or Doppler
ultrasound technique for placement of central venous catheters
(Randolph 1996). The results are similar to those of the previous
meta-analysis: however, this study inappropriately pooled the
results from trials of both Doppler ultrasound guidance and two-
dimensional ultrasound guidance. Evidence presented in that
analysis favours the use of two-dimensional ultrasound guidance
for cannulation of the subclavian vein, with Doppler ultrasound
guidance less successful and more time consuming than even
the landmark method. This method also proved more successful
than Doppler ultrasound guidance or the landmark method when
the internal jugular vein of infants was cannulated, with the
image aiding the navigation of diminutive anatomy, although this
evidence was derived from only one study. Ultrasound guidance
therefore is likely to confer benefit to patients through a reduction
in the risks of the procedure, and patients are less likely to
undergo a prolonged, sometimes uncomfortable and possibly
fruitless attempt at central venous cannulation. The study authors
concluded that "when used for vessel location and catheter

placement, real-time ultrasound guidance or Doppler ultrasound
guidance improves success rates and decreases the complications
associated with internal jugular and subclavian venous catheter
placement."

Keenan et al (Keenan 2002) found in their review that "adoption of
real-time ultrasound to guide CVC placement has the potential to
improve successful line placement and minimized complications.
It can improve patient safety. However, there are significant cost
concerns and the reported adverse events are generally minor and
easy to treat. Before creating study protocols to increase usage of
this technology, both current usage and cost effectiveness should
be determined."

Sigaut et al (Sigaut 2009) conducted a systematic review to address
the question of whether ultrasound prelocation and/or guidance
(UPG) of the internal jugular vein (1JV) offers advantages over the
anatomical landmarks (AL) method during IJV access in children
and infants. The authors concluded that "they do not found the
utility of ultrasound during IJV access in children and infants in
increasing the success rate and in decreasing complications."

The meta-analysis from Wu (Wu 2013) was conducted to
compare the use of anatomical landmark techniques for central
venous cannulation versus real-time two-dimensional ultrasound
guidance to determine whether ultrasound techniques decreased
risks of cannulation failure, arterial puncture, haematoma and
haemothorax in adults and children. USD techniques or indirect
(ID) proceedings were not taken into account. These review authors
came to the conclusion that use of real-time two-dimensional
ultrasound-guided techniques (RTUS) in adults receiving CVC was
associated with decreased risks of cannulation failure, arterial
puncture, haematoma and haemothorax. However, RTUS did
not lead to a reduction in the risks of cannulation failure,
arterial puncture, haematoma, pneumothorax and haemothoraxin
children or in infants when the limited data were analysed, and
additional data from randomized studies are needed for evaluation
of these outcomes in paediatric patients. Their results correspond
to ours. In addition, we could demonstrate that the use of two-
dimensional ultrasound decreased the number of attempts needed
to succeed.

AUTHORS' CONCLUSIONS

Implications for practice

Several important implications for practice can be seen in our
systematic review and meta-analysis.

Our systematic review shows the benefit of using two-dimensional
ultrasound techniques for cannulation of the internal jugular vein
in terms of complication rates, the overall success rate, the number
of attempts made, success at first attempt, time to successful
cannulation and risk of severe bruising and accidental arterial
puncture. These benefits are seen in most subgroups and are
consistent across experienced and inexperienced operators (when
data were available on complication rate total, overall success rate
and number of attempts until success). Results comparing Doppler
ultrasound for cannulation versus traditional landmark techniques
were more uncertain. Use of Doppler ultrasound increased the
chance of success at the first attempt. No evidence showed
differences for the other outcomes. More data are available to
support use of ultrasound during ('direct'), not simply before
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('indirect'), line insertion. However, no data on mortality, patient-
reported outcomes (e.g. pain, discomfort, length of stay in hospital/
on ICU) or rate of catheter-related bloodstream infection were
provided. The quality of the evidence was very low for most
outcomes and heterogeneity among the studies was significant;
therefore the results must be interpreted with caution.

Implications for research

For many studies, many important items were not described in
sufficient detail including the nature of the landmarks used, the
experience of the person inserting the catheter and some of the
outcomes. Furthermore, important outcomes, such as patient-
reported outcomes, infection (at the site of insertion or in the
bloodstream) and bleeding and haematoma formation in patients
with coagulopathy, have not been addressed. Likewise, it would be
possible to compare 'in-plane' and 'out-of-plane' approaches.

However, two of our key questions—whether ultrasound improves
safety and effectiveness of insertion in patients at higher risk of
complications, and whether it helps inexperienced practitioners
more (or indeed less) than experienced staff—remain unanswered.
Whether the infection rate is increased by the use of ultrasonic
apparatus because the transducer is brought into the puncture
field, which may lead to local infection, or if the number of required
puncture attempts is reduced was investigated by only one of the
reviewed studies (Karakitsos 2006) and therefore would remain
unanswered, as was the question of whether the shorter puncture
duration and the smaller numbers of punctures of the arteria
carotis and haematomas lead to a reduction in the infection rate.

Opinions are divided over whether further trials are necessary.
Some argue that current evidence is sufficient to support the use
of ultrasound (Bodenham 2006; Scott 2004). However, given that

the studies that we have identified are not of optimum quality and
do not address all unanswered questions about the technique, we
believe that this view is premature and somewhat nihilistic. Future
trials should be designed with a focus on the methodological issues
highlighted in this review and the gaps in knowledge that need
to be filled. A broader, mixed-methods approach might be better
suited to some aspects of this complex intervention, incorporating
process evaluation to understand how context influences outcome
and to provide insights to aid implementation in other settings.
In addition, an economic evaluation taking into consideration
the cost-effectiveness of the method, not only from the payer's
perspective but also from that of service users and society as a
whole, would be useful for decision makers.
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Randomization method: no details in the text (B)
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Medical and surgical patients requiring CVCs for difficult peripheral venous access, need for invasive

haemodynamic monitoring and delivery of inotropic medications or antibiotics in a medical and surgi-

cal intensive care unit (ICU)

Exclusion criteria for the study: patients with previous CVC within 15 days, anatomical deformity (e.g.
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Agarwal 2009 (continued)

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups not adequately described at study entry

No admission details described

No information on whether participants were anaesthetized or sedated or awake
Operators: number: no details

Experience: senior residents or consultants. All had undergone training in US-guided cannulation tech-
niques and had been performing the procedure for at least 1 year

Interventions

Technique:
Landmark (LM): no details
Vs

Ultrasound (US): SonoSite Micromaxx® with a 7.5-MHz ultrasound probe covered with a sterile sheath
((short axis) see typical image and description in the article)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: IJV right side

us

Direct puncture

Technique standardized: unclear

Head flat, head rotation: no details
Seldinger technique

Vessel and side: IJV right side

Outcomes Number of attempts until success (absolute numbers (n/N) and standard deviation (SD)): attempted
entry of needle into the skin and its removal from the skin
Complication rates: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (absolute numbers (n/N) and ex-
pressed as percentages (%))
Time to successful cannulation (seconds)
Success with attempt number 1 (N, %)

Notes No cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture

Risk of bias

Bias Authors' judgement  Support for judgement
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Agarwal 2009 (continued)

Random sequence genera-  Unclear risk Randomization method: no details in the text (B)
tion (selection bias)

Allocation concealment Unclear risk Randomization method: no details in the text (B)
(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis

OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: Yes _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intension-to-treat analysis: Unclear _X_

Blinding of participants
and personnel (perfor-

Unclear risk Subject blinded: Unclear__X__

mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Alderson 1992

Methods

Congress poster

Prospectively randomized: randomization method: no details in the text

Participants

40 patients younger than 2 years of age undergoing cardiac surgery

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

Two admission details described (age, weight)

No information on whether participants were anaesthetized or sedated or awake

Operators: number: no details

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Alderson 1992 (continued)

Experience: experienced cardiac anaesthesiologists

Interventions

Technique:
LM: no details
S

US: ultrasound with 7.5-MHz resolution (SiteRite scanner without needle guide)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV no details

us

Indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (n, %)
Time to successful cannulation (seconds): time taken to locate the vein

Notes No cross-over
landmark-guided puncture or ultrasound-guided puncture
Congress poster

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)

Allocation concealment Unclear risk Randomization method: no details

(selection bias)
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Alderson 1992 (continued)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)

All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation

(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis

All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Other bias High risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: Unclear _X_
Intention-to-treat analysis: Yes _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__

and personnel (perfor-

mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__

sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Armstrong 1993

Methods

Prospectively quasi-randomized trial

Allinternal jugular vein cannulations performed over a period of 6 weeks were assessed. The ‘SiteRite’
was used exclusively in one operating theatre. and cannulations in the other were performed in a stan-
dard manner using anatomical landmarks alone

Participants

Patients before operations

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

3 admission details described (sex, weight, height)

Admission details not described, only “equal demographic data”: __X__

Participants anaesthetized

Operators: number: no details

Experience: anaesthetists of registrar grade or above

Interventions

Technique:
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Armstrong 1993 (Continued)

LM: finder needle used
Vs

US: ultrasound with 7.5-MHz resolution (SiteRite scanner) without needle guide, finder needle used.
(After skin cleaning and draping, the internal jugular vein was located with a 21 G needle. After the in-
ternal jugular vein was located, an 18-gauge cannula was inserted with the initial needle acting as a
guide. A guide wire was then inserted through the cannula) ((short axis) see typical image in the article)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: IJV right side

us

Indirect puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: [JV right side

Outcomes Overall success rate (N, %) in 100 seconds
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (n, %)
Time to successful cannulation (seconds) (time from initial skin palpation immediately before initial
needle insertion to removal of the 18-gauge cannula from the guide wire). In cases for which the inter-
nal jugular vein was not located, cannulation times were disregarded
Success with attempt number 1 (N, %)

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
5insertions into the right internal jugular vein were abandoned in the control group. In 3 individuals,
the vein was not located, and later use of the ‘SiteRite’ demonstrated very small veins adjacent to the-
carotid artery. In one case, a cannula had been inserted but was shown to be outside the vein when ex-
amined using the ‘SiteRite’; in the fifth case, the carotid artery was punctured by the seeking needle-
and the procedure abandoned

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)
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Armstrong 1993 (Continued)

Allocation concealment Unclear risk Randomization method: no details
(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Other bias High risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Bansal 2005

Methods Prospectively randomized controlled trial
Randomization method: no details
Methods of concealment: unclear

Randomized study conducted to compare the procedure success rate and periprocedural complica-
tions in participants undergoing ultrasound-guided vs non-ultrasound-guided 1JVC insertion for tem-
porary haemodialysis access

Participants All patients subjected to insertion of an 1JVC for temporary haemodialysis access
Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
4 admission details described (sex, age, underlying disorders, anatomical distinctiveness)

Participants awake, local anaesthesia
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Bansal 2005 (Continued)

Operators: number: no details

Experience: All procedures were performed by nephrologists without involvement of a radiologist. All
nephrologists of our unit who had done at least 25 cases by either method were eligible to perform the
procedure in the study population

Interventions Blind (group A) or ultrasound-guided (group B) procedure
Technique:
LM: no details
Vs

US: Portable ordinary ultrasound machine with a 3.5-MHz curved probe without a needle guide or any
colour Doppler facility was used. Ultrasound probe disinfected (short axis)

LM

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side 1V, right

uUs

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg): down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side 1JV, right

Outcomes Number of attempts until success (N, SD)

Primary outcome: Each push of the needle was counted as an attempt, and change in direction of the
needle, even without coming out of the skin puncture, was counted as a separate attempt

Failure rate (N, %): More than 3 attempts or inability to cannulate was counted as a failed procedure

Complication rate (N, %): Complications such as carotid artery puncture and haematoma formation
and any others were recorded

Occurrence of adverse outcomes (failed procedure, carotid puncture, haematoma), blood loss mL
(mean = SD)

Notes No cross-over

No sample size estimation

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)
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Bansal 2005 (Continued)
Allocation concealment Unclear risk Methods of concealment: unclear
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: Yes _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Branger 1994

Methods

Controlled clinical trial (CCT)

Randomization method: predetermined list; no other details in the text

Participants

Consecutive patients requiring central venous catheter for haemodialysis, apheresis or parenteral nu-
trition; patients with known risk factors were excluded

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
No admission details described

Participants awake

Operators: number: no details

Experience: junior residents, senior staff members (LM 6J 4S, US 5J 6S)

Interventions

Technique:
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Branger 1994 (Continued)

LM: no details

Vs

US: 5 MHz with needle guide, developed by study authors

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV and SV no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV and SV side: no details

Outcomes

Overall success rate (N, %)
Failure rate (N, %): failure defined in the text, see text
Complication rates: total, arterial puncture, haematoma formation (N, %)

Success rate after cross-over (N, %)

Notes

Cross-over landmark-guided puncture and ultrasound-guided puncture
LM: Cross-over after failure of initial technique after 30 minutes

3LM > 2 (66.7%) success with US

US: cross-over after failure of initial technique after 30 minutes

1 Do ~» (100%) success with senior

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: predetermined list; no other details in the text
tion (selection bias)
Allocation concealment Unclear risk Randomization method: predetermined list; no other details in the text (C)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
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Branger 1994 (Continued)

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Other bias Low risk Participant selection: Yes _X_
Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: No _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Branger 1995

Methods Controlled clinical trial (CCT)

Randomization method: 100 consecutive patients with subclavian vein catheterization and 30 patients
with 1JV catheterization were included in the study. Choices of vessel, puncture site and catheter were
made according to patient” s history and clinical status before non-Doppler or Doppler technique was
selected from random tables (with separated tables for subclavian and for IJV catheterization)

Participants Consecutive patients requiring central venous catheter for haemodialysis, apheresis or parenteral nu-
trition; patients with known risk factors such as thoracic abnormality, respiratory distress, major obesi-
ty or restlessness were excluded

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
2 admission details described (sex, age)

Participants awake and anaesthetized

Operators: number: 22

Experience: 14 junior residents (postgraduate students <5 years of clinical experience), 8 senior staff
members (> 5 years of clinical experience), members of the nephrology, emergency and intensive care
departments. They were taught the Doppler technique over a 2-week period by the 2 senior members,
who were previously involved in animal experimental study; participants had to achieve at least 1 ve-
nous catheterization with the non-Doppler and with the Doppler technique before entering the study.
The operator for each venous catheterization was chosen according to a random table (LM 10J 5S, US
6J 8S)
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Branger 1995 (Continued)

Interventions Technique:
LM: no details
vs

US: hand-held pulsed Doppler probe for co-axial guidance of the puncture needle and a dedicated 4-
MHz pulsed Doppler, probe sterilized, developed by study authors

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV and SV: no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV and SV side: no details

Outcomes Overall success rate (N, %)

Failure rate (N, %): failure defined as inability to obtain venous blood after longer than 30 minutes. Af-
ter onset of local anaesthesia or after more than 4 attempts at venous puncture

Number of attempts until success (N, SD)
Time to successful cannulation (seconds)

Success rate after cross-over (N, %)

Notes Cross-over: landmark-guided puncture and ultrasound-guided puncture
LM: cross-over after failure of initial technique

In case of failure of the initial attempt at catheterization by the non-Doppler technique, the operator
was allowed to use the Doppler technique

1JLM > 1(100%) success with Doppler
4 S LM > 2 (50%) successes with Doppler
US: cross-over after failure of the initial technique

In case of failure of the Doppler technique used by a junior staff member, a senior staff member was
asked to perform Doppler venous catheterization

1J Do~ 1(100%) success with senior

Risk of bias
Bias Authors' judgement  Support for judgement
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Branger 1995 (Continued)

Random sequence genera-
tion (selection bias)

Unclear risk Controlled clinical trial (CCT)

Randomization method: random tables (C)

Allocation concealment
(selection bias)

Unclear risk Controlled clinical trial (CCT)

Randomization method: random tables (C)

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X

Incomplete outcome data
(attrition bias)
All outcomes

High risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias High risk Participant selection: Yes _X_

Withdrawals: No _X_
Postrandomization exclusion: Yes _X_

Intention-to-treat analysis: No _X_

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Bock 1999

Methods

Prospectively randomized controlled trial

Participants

Patients who needed CVC for thoracic or cardiac surgery. Number enrolled in study: 77 (7 patients had 2
IJV punctures) > 84 punctures

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups adequately described at study entry

5 admission details described (sex, weight, height, age, anatomical distinctiveness)
No information on whether participants were anaesthetized or sedated or awake

Operators: number: 7
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Bock 1999 (continued)

Experience: experienced anaesthetists (5 to 10 years clinically active, approximately 350 to 800 LM of
CVC placements), US technology demonstrated and was assisted once by an expert before beginning of

the studies

Interventions

Technique:

LM: standard approach described by English, with seeking puncture

VS

US: 7.5-MHz ultrasound covered with a sterile glove, technique described by Denys et al without seek-
ing puncture ((short axis) see typical image in the article, described in the text)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: [JV right side

us

Direct puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: IJV right side

Outcomes

Number of attempts until success (N, SD)

Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)

Time to successful cannulation (seconds): time of beginning of localization of the vessel up to aspira-

tion of venous blood

Success with attempt number 1, 2, 3 (N, %)

Outcomes measures defined: unsuccessful first puncture, unsuccessful puncture, arterial puncture,

haematoma formation, pneumothorax, infection, nerve injury

Notes

No cross-over landmark-guided puncture or ultrasound-guided puncture

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization method adequate
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Allocation concealment Low risk Concealment was adequate (e.g. numbered, sealed opaque envelopes
(selection bias) drawn)

Non-consecutively (A)

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention to treat analysis

All outcomes OR the text stated no withdrawals
Selective reporting (re- Unclear risk Yes

porting bias)

Other bias Low risk Participant selection: Yes _X_

Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control Low risk Yes

groups were adequately
described at entry.

Chuan 2005

Methods

Randomized controlled trial (RCT) (A)

Randomization method: random table

Participants

62 infants (body weight < 12 kg) undergoing elective surgery for congenital heart disease
Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups not adequately described at study entry

3 admission details described (weight, age, underlying disorders)

Participants anaesthetized

Operators: number: no details

Experience: no details
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Chuan 2005 (Continued)

Interventions

Technique:
LM: approach described by Verghese

VS

US: intraoperative probe attached to the TEE machine (HP SONOS 4500 TEE 15.0 to 6.0 MHz)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique, catheter over needle: no details
Vessel and side: [JV right side

us

Indirect puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique, catheter over needle: no details

Vessel and side: IJV right side

Outcomes Overall success rate (N, %)
Failure rate (N, %): failures: more than 7 attempts in the same position regardless of the occurrence of
artery puncture; duration of cannulation longer than 45 minutes; haematoma formation or haemop-
neumothorax caused by unintentional arterial puncture and need for catheterization via an alternative
route or method. If arterial puncture did not cause haematoma, cannulation may be attempted at the
same site
Number of attempts until success (N, SD)
Arterial puncture (N, %)

Notes 1 case (in the LM group) had several failures at multiple sites and had to be catheterized via surgical
cut-down of the femoral vein. Number of attempts (> 20) was not included in the analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random table

tion (selection bias)

Allocation concealment Low risk Random table

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__
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Chuan 2005 (Continued)

Outcome assessor blinded: Unclear__X

Incomplete outcome data  High risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were NEITHER detailed separately NOR included in an intention-to-treat analy-
All outcomes sis

Selective reporting (re- Low risk Yes

porting bias)

Other bias High risk Participant selection: Yes _X_ (see comment on treatment)
Withdrawals: Unclear _X_
Postrandomization exclusion: Yes _X_

Intention-to-treat analysis: No _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Denys 1993

Methods "... sequential protocol was used in this study. Since we have a similar number of procedures each
week, the ultrasound device was used one week and the landmark technique was used the next week.
This was continued until we had 302 patients in each group. Thereafter, the ultrasound technique was
used exclusively in an additional 626 patients. There was no provision for crossover in this study de-
sign. Because many patients had more than one procedure, it was possible that the same patient was
cannulated using a different technique on separate occasions"

Participants "... evaluated an ultrasound-guided method in 302 patients undergoing internal jugular venous can-
nulation and compared the results with 302 patients in whom an external landmark-guided technique
was used. Ultrasound was used exclusively in an additional 626 patients. Patients undergoing internal
jugular venous cannulation as part of a cardiac catheterization or placement of a central venous line (N
=1,230) were studied"

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
2 admission details described (sex, age)

Participants awake

Operators: number: 29. 15 operators performed fewer than 20 procedures (range, 1 to 19), and 14 oper-
ators performed more than 20 (range, 20 to 288)

Experience: All cannulations were performed by operators with extensive experience in landmark-guid-
ed internal jugular vein access, including attending cardiologists and cardiology fellows
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Denys 1993 (Continued)

Interventions

Technique:
LM: no details, finder needle used
Vs

US: ultrasound with 7.5-MHz resolution (SiteRite scanner) with needle guide probe wrapped in a sterile
plastic bag ((short axis) see typical image in the article)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV, RIJV 96.4% (N = 894), LIJV 3.6% (N = 34) because 1JV absent or very small

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): time between penetration of the skin and aspiration of ve-
nous blood into the syringe. When multiple sticks were required, only the time when the needle was on
the skin or was advanced was taken into account
Success with attempt number 1,2 (N, %)

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  High risk Sequential protocol was used in this study

tion (selection bias)

Allocation concealment High risk Sequential protocol was used in this study

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
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Denys 1993 (Continued)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias Unclear risk Participant selection: No _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control Unclear risk No

groups were adequately
described at entry.

Gilbert 1995

Methods

Prospectively randomized controlled trial (RCT)

Randomization method: no details in the text

Participants

76 consecutive, consenting adult patients with preexisting obesity or coagulopathy requiring cen-

tral venous access. Obesity was defined as weight greater than 130% of ideal body weight for height
and body mass index greater than 28. Coagulopathy was defined as a platelet count less than 50,000
thrombocytes/mms3 or an increase of greater than 30% above maximum laboratory control value for 1
or more of the following variables: prothrombin time; partial thromboplastin time; activated clotting
time; or template bleeding time

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups adequately described at entry. A minimum of 4 admission details were
described. 6 admission details was described (sex, weight, height, BMI, age, anatomical distinctiveness)

Participants awake and anaesthetized
Operators: number: no details

Experience: junior house staff, who were relatively inexperienced in using either technique, performed
all cannulations under the direct supervision of attending faculty. They were instructed in ultrasound
device use by listening to a prepared 5-minute audiotape depicting arterial and venous signals. Years
of postgraduate training and experience in control or ultrasonic techniques were similar among junior

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 56
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Gilbert 1995 (continued)

house staff for both groups of participants. The average operator was in the third postgraduate year
and had greater familiarity with use of the control technique than the ultrasound technique

Interventions

Technique:
LM: high/central approach, initially performing venipuncture with a 22-gauge finder needle
Vs

US: SmartNeedle

LM
Unclear whether direct or indirect puncture
Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details; only positioning
was similar for all participants

Seldinger technique: catheter over needle, no details
Vessel and side: IJV no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details; only positioning
was similar in all participants

Seldinger technique

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, haematoma formation (N, %)
Carotid artery puncture was defined as inadvertent placement of any size needle or catheter into a
neck vessel that yielded bright red or pulsatile blood
Haematoma formation was defined as the appearance of visible neck swelling at the site of cannula-
tion (or attempted cannulation) and distortion of existing anatomical landmarks within 1 hour of study
Time to successful cannulation (seconds): Time for cannulation was recorded with a finder (control) or
cannulation (ultrasound) needle, beginning with the initial skin puncture and ending with successful
placement of a Seldinger wire, or until a given technique failed
Success with attempt number 1 (N, %)
Success rate after cross-over (N, %)

Notes Cross-over landmark-guided puncture and ultrasound-guided puncture

3 cannulation attempts were allowed with the initial randomized technique before cross-over to 3 at-
tempts with the alternative technique. The study was discontinued if more than 6 total attempts were
required
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Gilbert 1995 (continued)

LM: cross-over after failure of the initial technique

17 LM > 12 (70.6%) success with Doppler

US: cross-over after failure of the initial technique

5 Do - 2 (40%) successes with LM

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details (B)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk No
porting bias)
Other bias Low risk Participant selection: Yes _X_
Withdrawals: No _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control Low risk Yes

groups were adequately
described at entry.

Gratz 1994

Methods

Randomized controlled trial (RCT)

Randomization method: no details in the text (B)

Participants

Patients scheduled for cardiothoracic or major vascular operations who required IJV cannulation
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Gratz 1994 (Continued)

1 participant in the Doppler group was dropped from the study because of a user error in connecting
the Doppler needle to the transducer. This participant was not included in the statistical analysis

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
1 admission detail was described (sex)

Admission details not described, only “equal demographic data”
Participants awake

Operators: number: no details

Experience: experienced anaesthesiologists

Interventions Technique:
LM: no details
Vs
US: 14.3-MHz SmartNeedle
LM
Unclear whether direct or indirect puncture
Technique standardized: unclear
Head down (Trendelenburg), Head rotation no details
Catheter over needle
Vessel and side: 1JV side no detail
us
Direct puncture
Technique standardized: unclear
Head down (Trendelenburg), head rotation no details
Catheter over needle

Vessel and side: 1JV side no detail

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Arterial puncture (n, %)

Time to successful cannulation (seconds): time interval between injection of local anaesthetic and in-
sertion of the cannula into the 1JV

Success with attempt number 1 (N, %)

Notes No cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture
Risk of bias
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Gratz 1994 (Continued)

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details in the text (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details in the text (B)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  High risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were NEITHER detailed separately NOR included in an intention-to-treat analy-
All outcomes sis
Selective reporting (re- Unclear risk Yes
porting bias)
Other bias High risk Participant selection: Unclear _X_
Withdrawals: No _X_
Postrandomization exclusion: Yes _X_
Intention-to-treat analysis: No _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control High risk No

groups were adequately
described at entry.

Grebenik 2004

Methods

Quasi-randomized controlled trial (Q-RCT) (D)

Randomization method: Block randomization was performed by the anaesthetic assistant immediately
before anaesthesia; the anaesthetist was then informed of the technique to be used

Participants

124 infants and children presenting for cardiac surgery were prospectively examined; ultrasound guid-
ance was used for central venous catheterization in children undergoing heart surgery

On 10 occasions, the ultrasound probe was not available or the batteries were uncharged. These 10
cases were therefore excluded from further analysis, so that a total of 59 patients were included in the

ultrasound group

Inclusion and exclusion criteria not clearly defined in the text
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Grebenik 2004 (continued)

Treatment and control groups not adequately described at study entry
2 admission details described (weight, age)

Participants anaesthetized

Operators: number: 1 of 3

Experience: All procedures were undertaken by 1 of 3 consultant paediatric cardiac anaesthetists, all
of whom had some experience in using the ultrasound probe. Extent of previous experience varied, but
the least experienced operator had performed 5 cannulations with the ultrasound probe before the
start of the study

Interventions

Technique:
LM: no details
Vs

US: 7.5-MHz ultrasound (SiteRite scanner) with needle guide ((short axis) no details in the article),
wrapped in a sterile sheath

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg) and hepatic compression
Seldinger technique

Vessel and side: |JV right side

us

Direct puncture

Technique standardized: yes

Head down (Trendelenburg) and hepatic compression
Seldinger technique

Vessel and side: |JV right side

Outcomes Outcomes
Overall success rate (N, %)
Failure rate (N, %): No time limit was set, but the procedure was recorded as a failure if right internal
jugular cannulation was abandoned and an alternative site was used for central venous cannulation
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): Time from the moment of needle insertion through the skin
to the time at which the guide wire was successfully placed within the internal jugular vein was mea-
sured

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
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Grebenik 2004 (continued)

On 10 occasions, the ultrasound probe was not available or the batteries were uncharged. These 10
cases therefore were excluded from further analysis, so that a total of 59 participants were included in
the ultrasound group

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Block randomization was performed by the anaesthetic assistant immediately

tion (selection bias) before anaesthesia; the anaesthetist was then informed of the technique to be
used

Allocation concealment Unclear risk Block randomization was performed by the anaesthetic assistant immediately

(selection bias) before anaesthesia; the anaesthetist was then informed of the technique to be
used

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)

All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__

Incomplete outcome data  High risk Outcomes of participants who withdrew or were excluded after allocation

(attrition bias) were NEITHER detailed separately NOR included in an intention-to-treat analy-

All outcomes sis

Selective reporting (re- Low risk No

porting bias)

Other bias High risk Participant selection: Yes _X_ (see comment on treatment)
Withdrawals: No _X_
Postrandomization exclusion: Yes _X_

Intention-to-treat analysis: No _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Hayashi 1998

Methods Congress poster

Prospectively randomized; randomization method no details in the text

Participants "... 160 adult patients aged 27 to 89 undergoing general anaesthesia and RIJV cannulation ..."
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Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

1 admission detail described (age)
Participants anaesthetized
Operators: number: no details

Experience: no details

Interventions

Technique:
LM: with seeking puncture

Vs

US: 7.5-MHz or 3.75-MHz ultrasound with seeking puncture (axis no details)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique, catheter over needle, no details
Vessel and side: |JV right side

us

Indirect puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique, catheter over needle, no details

Vessel and side: |JV right side

Outcomes Arterial puncture (n, %)
Success with attempt number 1, 2, 3, 4, 5 (n, %)

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
Congress poster

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization method: no details

Allocation concealment
(selection bias)

Unclear risk Methods of concealment unclear (B)
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Hayashi 1998 (continued)

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Unclear__X
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Unclear risk Yes
porting bias)
Other bias Low risk Participant selection: No _X_

Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Hayashi 2002

Methods

Prospectively randomized controlled trial

Randomization method: no details in the text

Participants

240 randomly selected adult patients requiring RIJV catheter placement under general endotracheal
anaesthesia for elective surgery ... patients with a history of previous neck surgery or RIJV cannulation
were not included in the study

Inclusion and exclusion criteria clearly defined in the text
Treatment and control groups adequately described at study entry
5 admission details were described (sex, weight, height, BMI, age)
Participants anaesthetized

Operators: number: 6

Each of these anaesthesiologists performed RIJV cannulation for 40 participants, who were assigned
randomly to the landmark group or the ultrasound group (n =20 each)

Experience: 2 residents and 4 attending physicians. All anaesthesiologists were familiar with both can-
nulation techniques using landmark and ultrasound at the beginning of the study
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Hayashi 2002 (continued)

Interventions Technique:
LM:

RIJV puncture was attempted using respiratory jugular venodilation as the primary landmark for locat-
ing the RIJV

When not observed, approach described by Bazaral and Harlan was used, with seeking puncture
vs

US: 7.5 (N = 60)- or 3.75 (N = 60)-MHz ultrasound without seeking puncture

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: |JV right side

us

Indirect puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: 1JV right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)

Arterial puncture was identified by forceful pulsatile return of brightly coloured blood from a needle

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)

Allocation concealment Unclear risk Methods of concealment unclear (B)
(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__
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Hayashi 2002 (continued)

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis

OR the text stated no withdrawals

Selective reporting (re- Unclear risk
porting bias)

Yes

Other bias Low risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Unclear _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__

and personnel (perfor-

mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk
sessment (detection bias)
All outcomes

Outcome assessor blinded: Unclear__X

Treatment and control Low risk
groups were adequately
described at entry.

Yes

Heatly 1995

Methods Congress poster

Prospectively randomized; randomization method: no details in the text

Participants Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

No admission details described

No information on whether participants anaesthetized or sedated or awake

Operators: number: 1 individual

Experience: ample

Interventions Technique:

LM: no details

Vs

US: no details (axis no details)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear
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Heatly 1995 (Continued)

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details

Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

us

Unclear whether direct or indirect puncture

Technique standardized: yes

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details

Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate total (N, %)
Time to successful cannulation (seconds)
Success rate after cross-over (N, %)
Outcome measures not defined
Notes LM: cross-over after 5 attempts (N =5 > US 5/5 successes)
US: cross- over after 5 attempts (N =1 - US 1/1 success)
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk No

porting bias)

Other bias High risk Participant selection: Unclear _X_

Withdrawals: Unclear _X_
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Heatly 1995 (Continued)

Postrandomization exclusion: Unclear _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Hrics 1998

Methods Prospectively randomized; randomization method: no details in the text

Participants All patients needing urgent CVC placement were considered for the study. Urgent placement was de-
fined as needing venous access for intravenous fluids, blood products, medications, dialysis or cardiac
pacing within 1 hour of arrival to the ED. Only patients having internal jugular lines were included in the
study. The site of line placement was determined by the examining physician and was not dictated by
the study. Patients requiring emergent CVC for cardiac or traumatic arrest were excluded
Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
No admission detail described
No information on whether participants were anaesthetized or sedated or awake
Operators: number: 16
Experience: 9 residents and 7 attending emergency physicians who participated in a 2-hour in-service
demonstrating the use of ultrasound in CVC placement. 2 of the primary investigators (PH, SW) respon-
sible for the training of all operators in the use of ultrasound for CVC placement were available for con-
sultation 24 hours a day

Interventions Technique:
LM:
Standard approach described by Defalque 8 and Advanced Cardiac Life Support texts
Vs
US: 7.5-MHz SiteRite ultrasound with needle guide sterile sleeve, technique described by Denys et al
((short axis) see typical image in the article)
LM
Unclear whether direct or indirect puncture
Technique standardized: unclear
Head down (Trendelenburg), head rotation
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Hrics 1998 (continued)

Seldinger technique

Vessel and side: IJV right side

us

N =32 (24 indirect punctures/8 direct punctures)
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: [JV right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (n, %)
Success with attempt number 1 (n, %)
Success rate after cross-over (n, %)
Outcome measures not defined

Notes Cross-over landmark-guided puncture or ultrasound-guided puncture
LM: cross-over 2 LM proc not successful; > 2/2 (100%) success with US
US: no cross-over 8 participants without landmarks- 7/7 (100%) success with US, 0/1 (0%) success with
LM
US N =32 (24 indirect punctures/8 direct punctures). Outcomes of overall success rate and failure rate
were shown separately; other outcomes were shown together

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)

Allocation concealment Unclear risk Methods of concealment unclear (B)

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X
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Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias High risk Participant selection: Yes _X_
Withdrawals: Yes _X_
Postrandomization exclusion: Yes _X_
Intention-to-treat analysis: No _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control High risk No

groups were adequately
described at entry.

Johnson 1994

Methods

Congress poster

Prospectively randomized; randomization method: no details in the text

Participants

70 critically ill patients

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

Admission details not described, only “equal demographic data”

No admission detail described

No information on whether participants were anaesthetized or sedated or awake

Operators: number: no details

Experience: no details

Interventions

Technique:

LM: no details

VS

US: no details (axis no details)

LM
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Johnson 1994 (continued)

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

us

Indirect puncture

Technique standardized: yes

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds)
Success with attempt number 1 (N, %)
Outcomes measures not defined

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)

Allocation concealment Unclear risk Randomization method: no details

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)

All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk

(attrition bias)

All outcomes

Selective reporting (re- Low risk No

porting bias)
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Johnson 1994 (continued)

Other bias High risk Participant selection: Unclear _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: Unclear _X_

Intention-to-treat analysis: No _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Karakitsos 2006

Methods Randomized controlled trial (RCT) (A)

Randomization method: Participants were randomly assigned in a 1-to-1 ratio. Randomization was per-
formed by means of a computer-generated random-numbers table, and participants were stratified
with regard to age, gender and BMI. Block randomization was used to ensure equal numbers of partici-
pants in the above groups

Participants 900 mechanically ventilated critical care patients
Inclusion and exclusion criteria clearly defined in the text
Treatment and control groups adequately described at study entry
5 admission details described (sex, BMI, age, coagulation status, anatomical distinctiveness)
Participants anaesthetized or sedated
Operators: number: no details

Experience: ".. well-trained attending cardiologists, intensivists, and surgeons with similar experience
(10 years of experience in 1JV catheter placements) to minimise the ... physicians who performed the
ultrasound-guided method were well trained and had at least 5 years of experience in performing this
method"

Interventions Technique:
LM: with seeking puncture
Vs

US: 7.5-MHz ultrasound wrapped in a sterile plastic sheath, without seeking puncture ((long axis) see
typical image in the article)

LM

Unclear whether direct or indirect puncture
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Karakitsos 2006 (continued)

Technique standardized: unclear

Flat, head rotation, no details

Seldinger technique

Vessel and side: 1JV right side 232, left 218
us

Unclear whether direct or indirect puncture
Technique standardized: unclear

Flat, head rotation, no details

Seldinger technique

Vessel and side: 1JV right side 228, left 222

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD): average number of attempts before successful placement
(defined as separate skin punctures)
Arterial puncture (N, %): Carotid artery puncture was noted by forceful pulsatile expulsion of bright red
blood from the needle, haematoma formation, other complications (thrombosis, embolism, haemato-
mediastinum and hydromediastinum, haematothorax and hydrothorax, pneumothorax, subcutaneous
emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): time between penetration of skin and aspiration of venous
blood into the syringe

Notes LM: CVC BSI 16%
US: CVC BSI 10.4%
No cross-over landmark-guided puncture or ultrasound-guided puncture

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned in a 1-to-1 ratio. Randomization was per-
formed by means of a computer-generated random-numbers table, and par-
ticipants were stratified with regard to age, gender and BMI. Block randomiza-
tion was used to ensure equal numbers of participants in the above groups

Allocation concealment
(selection bias)

Low risk Participants were randomly assigned in a 1-to-1 ratio. Randomization was per-
formed by means of a computer-generated random-numbers table, and par-
ticipants were stratified with regard to age, gender and BMI. Block randomiza-
tion was used to ensure equal numbers of participants in the above groups

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__
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Karakitsos 2006 (continued)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: No _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control Low risk Yes

groups were adequately
described at entry.

Legler 1983

Methods

Congress poster

Prospectively randomized trial (RCT); randomization method: no details in the text

Participants

Patients scheduled for major vascular or cardiac surgery

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

No admission detail described

No information on whether participants anaesthetized or sedated or awake
Operators: number: no details

Experience: no details (... under the supervision of a staff anaesthesiologist)

Interventions

Technique:

LM: no details

Vs

US: 10-MHz Doppler
LM

indirect puncture
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Legler 1983 (continued)

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat, head rotation no details
Seldinger technique

Vessel and side: |JV right side

us

Indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: IJV right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Arterial puncture (N, %)
Success with attempt number 1 (N, %)
Outcome measures not defined
Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details (B)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias Unclear risk Participant selection: Unclear _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
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Legler 1983 (continued)

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Leung 2006

Methods

Prospectively randomized controlled trial

Randomization method: computer-generated block randomization. Allocation assignments were con-
cealed in serially numbered opaque sealed envelopes. The operator and the participant became aware
of the insertion technique only after enrolment, not consecutively

Participants

Patients presenting to an ED who required central venous access as part of their treatment

Indications for central venous access in the ED included difficult peripheral venous access, need for in-
vasive haemodynamic monitoring, delivery of inotropic medications or antibiotics, delivery of fluids
and blood when no other access was available and temporary internal pacing. All patients were older
than 18 years

Inclusion and exclusion (exclusion criteria were trauma patients in whom the cervical spine could not
be cleared clinically or radiologically before line insertion and patients with severe coagulopathy (con-
sistent history and active bleeding) that could not be corrected with platelets, fresh frozen plasma or
other blood products) criteria not clearly defined in the text

Treatment and control groups adequately described at study entry

5 admission details described (sex, age, coagulation status, anatomical distinctiveness, underlying dis-
orders)

No information on whether participants were anaesthetized or sedated or awake
Operators: number: 13

Experience: 5 experienced and 8 inexperienced emergency physicians or registrars (trainees of the Aus-
tralasian College for Emergency Medicine, postgraduate year 3 or above) working in the ED

Experienced operators were defined as those who had successfully performed more than 25 tradition-
allandmark internal jugular vein catheterizations without supervision, and inexperienced operators

as those who had performed fewer than 25 traditional landmark internal jugular vein catheterizations.
There were 13 operators; 5 were experienced and 8 were inexperienced. Before commencement of the
study, operators participated in a minimum 2-hour education programme outlining the landmark tech-
nique, use of the ultrasonographic machine in locating the internal jugular vein and subsequent inser-
tion of the catheter under real-time ultrasonographic guidance

Interventions

Technique:
LM: central, anterior or posterior approach, depending on operator experience and preference

'S

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 76
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Leung 2006 (Continued)

US: SonoSite18010-5 MHz 38-mm linear array Transducer covered with a sterile glove without a needle
guide, ((short axis) see typical image in the article and description in the article)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV no details

us

Direct puncture

Technique standardized: unclear

Head down (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %): success: 1JV was cannulated, which resulted in successful aspiration of
blood
Failure rate (N, %): failure: Operator was unable to perform cannulation of the IJV after 3 attempts. Fail-
ure was due to inability to locate or puncture the internal jugular vein or inability to feed the guide wire
or catheter. An attempt was defined as entry of the introducer needle into the skin followed by its re-
moval from the skin
Time to successful cannulation (seconds): For each technique, 2 access times were recorded: time to
initial flash of blood (start to flash time) and time to successful insertion of the central venous catheter
(start to line working time). Time needed to set up the ultrasonographic machine and prepare the
probe was not included

Notes Cross-over
Provision was made in the study for cross-over to the other technique on the ipsilateral side of the
neck, depending on complications and participant cooperation
If the initial method was unsuccessful after a maximum of 3 attempts, provision was made in the study
for cross-over to the other technique. Again, 3 attempts could be made with the second technique. If
both methods were unsuccessful, or if cross-over did not occur, alternative access was obtained and
documented. Alternative access sites included the contralateral internal jugular vein, subclavian vein,
or femoral vein
LM: cross-over 12/14; 11/12 successes with US cross-over were not attempted in 2 of 14 failed landmark
cases because the guide wire could not be fed through the vein
US: cross-over 0/4. Cross-over was not attempted in the 4 failed ultrasonographic cases because the in-
ternal jugular vein was poorly visualized or the guide wire could not be fed through the vein

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated block randomization

tion (selection bias)
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Leung 2006 (Continued)
Allocation concealment Low risk Serially numbered opaque sealed envelopes
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Unclear risk Participant selection: Yes _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Outcome assessor blinded: Unclear__X__

Treatment and control
groups were adequately
described at entry.

Low risk Yes

Lin 1998

Methods

Q-RCT

The ultrasound device and the landmark-guided technique were used during alternating weeks
throughout the 6-month study period

Participants

"... 190 patients undergoing jugular venous cannulation for haemodialysis ..."
Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups adequately described at entry. A minimum of 4 admission details were
described (sex, age, underlying disorders, coagulation status)

Participants awake
Operators: number: no details

Experience: All operators were fellow nephrologists experienced in landmark-guided jugular venous
cannulation for haemodialysis catheter

Interventions

Technique:
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Lin 1998 (continued)

LM: This detecting needle penetrated the skin at the top of the triangle between the sternal and the
clavicular head of the sternocleidomastoid muscle with a 45° angle and was aimed at the ipsilateral
nipple...

VS

US: 7.5-MHz (SiteRite scanner) ultrasound with needle guide covered in a sterile plastic bag ((short axis)
see typical image in the article)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Flat, head rotation

Seldinger technique

Vessel and side 1JV right side N = 54 (62.8%), left side N = 32 (37.2%)
us

Direct puncture

Technique standardized: unclear

Flat, head rotation

Seldinger technique

Vessel and side 1JV right side N = 69 (66.3%), left side N =35 (33.7%)

Outcomes

Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)

Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)

Time to successful cannulation (seconds): time between the first skin puncture and aspiration of ve-
nous blood into the syringe; time required for searching the actual venous location with a detecting
needle was not included in recorded access time. Time between puncture attempts was neglected
when multiple punctures were needed

Success with attempt number 1, 2,> 3 (N, %)

Notes

No cross-over landmark-guided puncture and ultrasound-guided puncture

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Ultrasound device and landmark-guided technique were used during alternat-
ing weeks throughout the 6-month study period

Allocation concealment
(selection bias)

High risk Allocation was not concealed (D)

Ultrasound device and landmark-guided technique were used during alternat-
ing weeks throughout the 6-month study period
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Lin 1998 (continued)

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Unclear__X
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: Yes _X_

Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control Low risk Yes

groups were adequately
described at entry.

Mallory 1990

Methods

Prospectively randomized controlled trial

Randomization method: no details in the text

Participants

Patients who required urgent or urgent-elective IJV cannulation in the medical/surgical ICU over a 3-
month period

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

No admission detail described

No information on whether participants were anaesthetized or sedated or awake
Operators: number: no details

Experience: senior ICU staff or critical care fellows with at least 6 months of clinical experience in the
ICU. Operator experience was similar for each randomization group Postgraduate training years 6.67 +
1.95(SD) vs 6.23 +2.01 years

Interventions

Technique:
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Mallory 1990 (continued)

LM: no details

Vs

US: 2-dimensional ultrasound with 5-MHz resolution wrapped in a sterile glove (axis no details)
LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg): down (Trendelenburg)/flat; head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side 1JV, no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side 1JV, no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Success with attempt number 1, 2, 3, 4 (N, %)
Success rate after cross-over (N, %)
Outcome measures not defined
Notes Cross-over landmark-guided puncture: Participants who could not be cannulated during the initial 5
needle passes were then crossed over to receive the alternate technique for the next 5 passes
No cross-over ultrasound-guided puncture
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__
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Mallory 1990 (continued)

Incomplete outcome data
(attrition bias)

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis

All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes

porting bias)

Other bias High risk Participant selection: Yes _X_

Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Unclear__X

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Milling 2005

Methods

Prospectively randomized controlled trial
Randomization method: random numbers table
Enrolment forms were sealed in coded opaque envelopes

During the 6-month trial period, 235 patients underwent central cannula placement and were eligible
for enrolment. A total of 34 patients were not enrolled because of the unavailability of an investigator
(10) and were not called (24). No patients refused enrolment. 201 patients were enrolled and randomly
assigned

Participants

Patients undergoing internal jugular vein central venous cannulation

The study population was enrolled when 1 of 7 study investigators was available. Most participants
were from the emergency department and the medical intensive care unit

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups adequately described at study entry

3 admission details described (sex, age, anatomical distinctiveness)

No information on whether participants were anaesthetized or sedated or awake
Operators: 22

Experience: 14 internal medicine and surgery residents (postgraduate years 2 and 3) with varying levels
of experience; the lead author performed just over half of the procedures in the study
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Milling 2005 (Continued)

Study investigators were emergency medicine residents and attending physicians who had received a
1-hour bedside teaching session on identifying the carotid artery and the internal jugular vein with an
iLook25 SonoSite ultrasound machine (SonoSite, Bothell, WA) with a 7.5-MHz linear array probe; the
same equipment was used on all study participants. Subsequently, they had to demonstrate proficien-
cy at dynamic ultrasound-guided central venous cannulation by performing the procedure a minimum
of 10 times. Study investigators performed or assisted in all dynamic procedures. The least experienced
investigator had placed 30 cannulas at the study’s outset. The most experienced had placed 100. Any
doctor credentialed by the hospital for central cannula placement, including study investigators, per-
formed procedures in the S and LM groups. The non-ultrasound central cannulization credentialing
process requires 5 supervised procedures per anatomical location (internal jugular, femoral, subcla-
vian) and subjective assessment of proficiency in the procedure by a supervising physician

Interventions Technique:
LM: no details
Vs

US: dynamic ultrasound (D): iLook25 SonoSite with a 7.5-MHz linear array probe, covered with sterile
sheath (axis no details)

US: static ultrasound (ID): iLook25 SonoSite with a 7.5-MHz linear array probe (axis no details)
LM

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg)/flat; head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side 1JV, both sides

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side 1JV, both sides

us

Indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side 1JV: both sides

Outcomes Overall success rate (N, %)

Primary outcome: successful cannulation: Cannulation was successful if the J-wire was placed without
resistance

Failure rate (N, %)

Number of attempts until success (N, SD)
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Milling 2005 (Continued)

Cannulation attempt. An attempt was a single pass of the 18-gauge locator needle with no degree of
withdrawal or redirection and with subsequent forward movement, whether or not a new skin punc-
ture was made. Each successive withdrawal or redirection with subsequent forward movement was
considered another attempt

Complication rate (N, %) arterial puncture. Arterial puncture involved aspiration of pulsatile arterial
blood into an 18-gauge locator needle syringe

Time to cannulation (seconds): Cannulation time, i.e. from “needle to skin to J-wire in,” was measured
in seconds. Time includes only the time taken while attempting central cannulation by the technique
to which it was randomly assigned. For failures, it includes only the time until the technique was aban-
doned (after either 5 sticks or 5 minutes). It does not include rescue time

Success with attempt number 1 (N, %): secondary outcomes: first-attempt cannulation success: Cannu-
lation was considered successful at the first attempt if it was achieved with the first needle pass

Success rate after cross-over (N, %)

Rescue: After 5 attempts or 5 minutes of attempting cannulation, the participant was rescued by the
dynamic technique

Notes Cross-over landmark-guided puncture
Cross-over ultrasound-guided puncture
Sample size estimate
We estimated that, given 70 participants in each group (S, D, LM), or 210 total, we would have 80% pow-
er to detect a 25% difference in success rates at a test level of 0.05
Presentation of results for the primary endpoint is done according to the original allocation of partici-
pants into 3 groups (N = 60 dynamic ultrasound, N = 72 static ultrasound, N = 69 landmarks technique)
Presentation of results of the other endpoints is done in the way that rescue experiments (N = 13 stat-
ic ultrasonic, N =27 landmarks technique) are presented together with those of the group "dynamic ul-
trasound" (then N =100)
So only the primary endpoint could be used for the analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random number table

tion (selection bias)

Allocation concealment Low risk Enrolment forms were sealed in coded opaque envelopes

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)

All outcomes Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation

(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis

All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 84

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Milling 2005 (Continued)

Other bias High risk Participant selection: Yes _X_
Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Ovezov 2010

Methods Randomized controlled trial (RCT)

Randomization method: computer-generated randomization table

Participants Median age of participants undergoing catheterization procedure in the main group: 53 months; in the
control group: 52 months; median weight in the main group: 15 kg; in the control group: 16.4 kg

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
2 admission details were described (weight, age)

No information on participants were anaesthetized or sedated or awake
Operators: number: no details

Experience: no details

Interventions Technique:
LM: no details
Vs
US: 10-MHz ultrasound probe (axis no details)
LM
Unclear whether direct or indirect puncture
Technique standardized: unclear
Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Seldinger technique

Vessel and side: 1JV, no details
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Ovezov 2010 (Continued)

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Seldinger technique

Vessel and side: 1JV, no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (n, %)
Time to successful cannulation (seconds): median time spent on the implementation of catheterization
Success with attempt number 1 (N, %)
Notes No cross-over landmark-guided puncture or ultrasound-guided puncture
Congress poster and presentation
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomization method: computer-generated randomization table (A)
tion (selection bias)
Allocation concealment Low risk Randomization method: computer-generated randomization table (A)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias Unclear risk Patient selection: Unclear _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: Unclear _X_
Intention-to-treat analysis: Unclear _X_
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Ovezov 2010 (Continued)

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Palepu 2009

Methods Randomized controlled trial (RCT)
Randomization method: computer-generated randomization table

All patients admitted to the ICU between April 2007 and September 2008 and requiring central venous
access as part of their management were enrolled in the study. Patients younger than 18 years and
those refusing to give consent for inclusion in the study were excluded. As the number of femoral vein
catheters was small in both groups, they were not included in the analysis

Participants "...patients requiring CVC for difficult peripheral venous access, need for invasive haemodynamic moni-
toring and delivery of inotropic medications or antibiotics in a medical and surgical ICU"

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups not adequately described at study entry
2 admission details described (sex, age)

Admission details not described, only “equal demographic data”
Participants awake "...after giving local anesthesia..."

Operators: number: no details

Experience: registrars with < 6 years of experience, consultants with > 6 years of experience in the field
of anesthesia and critical care

Interventions Technique:
LM: technique (see picture in the article), without finder needle
Cannulation using the landmark technique performed as per standard guidelines
Vs

US: 6- to 13-MHz ultrasound probe covered with sterile sheath, without finder needle ((short axis) see
typical image in the article and description in the article)

LM
Direct puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation no details
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Seldinger technique

Vessel and side: Right internal jugular vein (1JV) was the first choice for cannulation. Other sites such as
left 1DV, left or right subclavian vein (SCV) or femoral veins were cannulated only if the right 1JV was not
available for cannulation because of the presence of a previously inserted CVC or dialysis catheter

1JV 194 (86.2%); right side 178 (91.8%)
SCV 28 (12.4%); right side 23 (82.1%)
Femoral vein 3 (1.3%)

us

Direct puncture

Technique standardized: unclear
Head down (Trendelenburg), head rotation no details
Seldinger technique

Vessel and side:

1JV 205 (91.1%); right side 182 (88.8%)
SCV 17 (7.6%); right side 16 (94.1%)

Femv 3 (1.3%)

Outcomes Overall success rate (N, %)
Failure rate (N, %): failure: Operator was unable to cannulate the vein within 3 attempts
Number of attempts until success (N, SD): Attempt needle " s entry into the skin and its removal from
the skin
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Success with attempt number 1 (N, %)
Success rate after cross-over (N, %)

Notes Cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture
If the initial method was unsuccessful after a maximum of 3 attempts, an alternative method was used
for example, USG was used if the insertion was being done by the ALT technique, help was taken from a
more experienced operator or an alternative site was chosen
LM: 10/10 success with US and 7/7 success on the same side by a more experienced operator

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization table

Allocation concealment
(selection bias)

Low risk Computer-generated randomization table
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Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: Yes _X_
Withdrawals: No _X_
Postrandomization exclusion: Yes _X_
Intention-to-treat analysis: No _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control High risk Yes

groups were adequately
described at entry.

Scherhag 1989

Methods

Prospectively randomized controlled trial

Randomization plan, but no details in the text

Participants

Patients who required a CVC and in whom CVC placement was possible in the right 1JV. Other patients

were excluded

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups adequately described at study entry. Minimum of 4 admission details
described. 4 admission details described (sex, weight, height, age)

Participants awake

Operators: number: no details

Experience: no details

Interventions

Technique:

LM: technique described by Bazaral and Harlan

'S
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Scherhag 1989 (cContinued)

Do: 4-MHz Doppler, wrapped in a sterile glove, technique described by Scherhag

VS

US: 5-MHz US, wrapped in a sterile glove, technique described by Scherhag ((short axis) see typical im-

age in the article and description elsewhere)

LM

Unclear whether direct or indirect puncture

Technique standardized: yes
Flat head rotation

Seldinger technique

Vessel and side: IJV right side
Do

Direct puncture

Technique standardized: yes
Flat head rotation

Seldinger technique

Vessel and side 1JV: right side
uUs

Direct puncture

Technique standardized: yes
Flat head rotation

Seldinger technique

Vessel and side 1JV: right side

Outcomes Overall success rate (N, %)
Failure rate (N, %): failure: Operator was unable to cannulate the vein within 3 attempts. Change in di-
rection without a new puncture/without reinsertion of the cannula was also included as an attempt
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): Cannulation time was defined as the time needed for identi-
fication of the puncture site and final catheter placement
Success with attempt number 1, 2, 3 (N, %)
Success rate after cross-over (N, %)

Notes Cross-over landmark-guided puncture: Participants who could not be cannulated during the initial 3

needle passes were crossed over to receive the alternate technique for the next 5 passes

Cross-over landmark-guided puncture and Doppler-guided puncture
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No cross-over ultrasound-guided puncture

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization plan, but no details in the text
tion (selection bias)
Allocation concealment Unclear risk Randomization plan, but no details in the text
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  High risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
LM group complication rate indicated, US group complication rate not indicat-
ed
Other bias High risk Participant selection: Yes _X_
Withdrawals: No _X_
Postrandomization exclusion: Yes _X_
Intention-to-treat analysis: No _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control Low risk Yes

groups were adequately
described at entry.

Soyer 1993

Methods

Prospectively randomized controlled trial

Randomization method: no details in the text

Patients were prospectively and randomly selected into 2 groups

Participants

47 patients with liver dysfunction underwent transjugular liver biopsy in our department

Inclusion and exclusion criteria not clearly defined in the text
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Treatment and control groups not adequately described at study entry
2 admission details were described (sex, age)

Participants awake

Operators: number: 2

Experience: performed randomly by 2 different operators with the same experience in transjugular liver
biopsy

Interventions Technique:
LM: participants awake
Vs

US: participants awake, ultrasound with 7.5-MHz resolution, probe sterilized with povidone-iodine
((short axis) see typical image in the article)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Catheter over needle

Vessel and side: 1JV right side

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Catheter over needle

Vessel and side 1JV: right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)

Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (n, %)

Time to successful cannulation (seconds); time needed for RIJV catheterization

Success rate after cross-over (N, %): cross-over after 6 attempts

Notes Participants who could not be cannulated during the initial 6 needle passes were then crossed over

Cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture

Risk of bias
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Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details in the text
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details in the text
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk No
porting bias)
Other bias High risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control High risk No

groups were adequately
described at entry.

Sulek 2000

Methods

Randomized controlled trial (RCT)

Randomization method: no details in the text (B)

Participants

120 adult patients without previous I1JV catheter placement scheduled for elective abdominal, vascular

or cardiothoracic

procedures with general anaesthesia and mechanical ventilation

Exclusion criteria for the study included the following: Patients were excluded from randomization
if they had a history of radical neck dissection, carotid endarterectomy, carotid artery stenosis, con-
traindications to the Trendelenburg position or refusal to participate

Inclusion and exclusion criteria clearly defined in the text
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Treatment and control groups adequately described at entry
4 admission details were described (age, sex, weight, height)
Participants anaesthetized

Operators: number: no details

Experience: All cannulation attempts were performed by operators experienced in [JV cannulation (at
least 60 1JV catheter placements) with known expertise in use of the ultrasound-guided 1JV technique

Interventions

Technique:
LM: technique well described in the article

VS

US: ultrasound with 5-MHz resolution covered with a sterile glove ((long axis) see description in the arti-

cle)

LM

Unclear whether direct or indirect puncture
Technique standardized: yes

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: [JV both sides

us

Direct puncture

Technique standardized: yes

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: 1JV both sides

Outcomes Number of attempts until success (N, SD)
Complication rate: arterial puncture, haematoma formation (N, %)
Time to successful cannulation (seconds): time required for successful guide wire insertion
Notes No cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details in the text (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details in the text (B)

(selection bias)
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Sulek 2000 (continued)

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Subject blinded: Yes__X__
Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Low risk Yes
porting bias)
Other bias Low risk Participant selection: Yes _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Subject blinded: Yes__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control Low risk Yes

groups were adequately
described at entry.

Teichgraber 1997

Methods

Prospectively randomized; randomization method: no details in the text

Participants

100 patients undergoing routine catheterization of the IJV

Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

No admission detail described

No information on whether participants were anaesthetized or sedated or awake
Operators: number: no details. 2 operators were necessary for this technique

Experience: mean number of years of postgraduate clinical training LM group (6.9 + 3.2 postgraduate);
US group (3.8 £ 3.1 postgraduate)

Interventions

Technique:
LM: no details
Vs

US: 5-MHz ultrasound ((short axis) see typical image in the article)
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Teichgraber 1997 (Continued)

LM

Unclear whether direct or indirect puncture

Technique standardized: unclear

Head up (anti-Trendelenburg) down (Trendelenburg); flat head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

us

Direct puncture

Technique standardized: unclear

Head up (anti-Trendelenburg); down (Trendelenburg); flat head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

Outcomes Complication rate: arterial puncture, local bleeding, haematoma formation, cardiac complications,
malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complications
(thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hydrotho-
rax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): Time to |J access was measured
Success with attempt number 1 (N, %)

Notes No cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias Unclear risk Participant selection: No _X_

Withdrawals: Unclear _X_

Postrandomization exclusion: No _X_
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Teichgraber 1997 (Continued)

Intention-to-treat analysis: Yes _X_

Blinding of participants Unclear risk
and personnel (perfor-

mance bias)

All outcomes

Subject blinded: Unclear__X__

Physician blinded: No__X__

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately
described at entry.

Troianos 1990

Methods

Prospectively randomized controlled trial

Randomization method: no details in the text

Participants

89 cardiothoracic surgical patients undergoing RIJ cannulation
Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
No admission detail described

Participants awake

Operators: number: no details

Experience: no details

Interventions

Technique:
LM: participants awake

'S}

US: participants awake, ultrasound with 7.5-MHz resolution (SiteRite scanner without needle guide)
covered by a sterile sheath. External landmarks were used to identify the site for injection of local

anaesthetic (axis no details)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation no details
Catheter over needle

Vessel and side 1JV: right side

us

Direct puncture

Technique standardized: unclear
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Troianos 1990 (Continued)

Head down (Trendelenburg), head rotation no details
Catheter over needle

Vessel and side 1JV: right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): time between application of local anaesthetic and RJI punc-
ture
Success with attempt number 1, 2 (N, %)

Notes Participants who could not be cannulated during the initial 5 needle passes were crossed over to re-
ceive the alternate technique for the next 5 passes. But no Cross-over landmark-guided puncture or ul-
trasound-guided puncture
Congress poster

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details in the text
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details in the text
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias High risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__

and personnel (perfor-
mance bias)

Physician blinded: No__X__
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Troianos 1990 (Continued)
All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)

All outcomes

Treatment and control High risk No

groups were adequately

described at entry.

Troianos 1991

Methods

Prospectively randomized controlled trial
Randomization method: no details in the text

The 2 groups were similar with respect to age, height, weight, presence of good anatomical landmarks
and clinical experience

Participants

160 cardiothoracic surgical patients undergoing RIJ cannulation

Level of clinical experience of the person performing the cannulation was recorded, as was the pres-
ence or absence of good anatomical landmarks. Good landmarks included palpable division of the
sternocleidomastoid muscle and a palpable carotid artery pulse

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
Admission details not described, only “equal demographic data”

No admission detail described.

Participants awake

Operators: number: no details

Experience: similar with respect to clinical experience

Interventions

Technique:
LM: participants awake
Vs

US: participants awake, ultrasound with 5- or 7.5-MHz resolution (SonoSite 500 or SiteRite scanner
without needle guide) covered by a sterile sheath; external landmarks were used to identify the site for
injection of local anaesthetic ((short axis) see typical image in the article)

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation no details
Catheter over needle

Vessel and side IJV: right side

us
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Direct puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation no details
Catheter over needle

Vessel and side 1JV: right side

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)
Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)
Time to successful cannulation (seconds): time between application of local anaesthetic and RJI punc-
ture
Success with attempt number 1 (N, %)
Success rate after cross-over (N, %)
Notes Participants who could not be cannulated during the initial 3 needle passes were crossed over to re-
ceive the alternate technique for the next 5 passes
Cross-over landmark-guided puncture; no cross-over ultrasound-guided puncture
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details in the text
tion (selection bias)
The 2 groups were similar with respect to age, height, weight, presence of
good anatomical landmarks and clinical experience
Allocation concealment Unclear risk Randomization method: no details in the text
(selection bias)
The 2 groups were similar with respect to age, height, weight, presence of
good anatomical landmarks and clinical experience
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Low risk Yes
porting bias)
Other bias High risk Participant selection: Yes _X_

Withdrawals: Unclear _X_

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Troianos 1991 (Continued)
Postrandomization exclusion: No _X_
Intention-to-treat analysis: Yes _X_
Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__
All outcomes
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__

sessment (detection bias)

All outcomes

Treatment and control
groups were adequately

described at entry.

High risk No

Turker 2009

Methods

Randomized controlled trial (RCT)

Randomization method: no details in the text

Participants

"... spontaneously breathing patients ... who required internal jugular vein cannulation. All catheters
were inserted to give total

parenteral nutrition solution and chemotherapeutics or to measure the central venous pressure for i. v.
fluid management"

"... patients were enrolled in between April and November, 2008. Patients with local or systemic infec-
tion, known vascular

abnormalities, untreated coagulopathy (international normalization ratio > 1.5 and platelets < 50000/
mm3) were excluded"

Inclusion and exclusion criteria clearly defined in the text

Treatment and control groups adequately described at study entry

5 admission details described (sex, BMI, age, coagulation status, anatomical distinctiveness)
Participants awake

Operators: number: 1

Experience: senior medical student in final year

Interventions

Technique:

LM: with finder needle

Vs

US: 7.5-MHz ultrasound probe, without finder needle (axis no details)
LM

Unclear whether direct or indirect puncture

Technique standardized: unclear
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Turker 2009 (continued)

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: 1JV right side 94.73%, left 5.27%
us

Direct puncture

Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side IJV: right side 90.52%, left 9.48%

Outcomes Overall success rate (N, %): Successful placement was defined as observation of the catheters in the
proper position by X-ray and functional determinants (i.e. no difficulty in the infusion or aspiration of
venous blood).

Failure rate (N, %)

Number of attempts until success (N, SD)

Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)

Time to successful cannulation (seconds): access time between first skin puncture and aspiration of ve-
nous blood into the syringe

Notes No cross-over landmark-guided puncture or ultrasound-guided puncture

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomization method: no details in the text

tion (selection bias)

Allocation concealment Unclear risk Randomization method: no details in the text

(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)

All outcomes Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation

(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis

All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Other bias Low risk Participant selection: Yes _X_

Withdrawals: No _X_
Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 102
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Turker 2009 (continued)

Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control Low risk Yes
groups were adequately
described at entry.

Verghese 1995

Methods Congress poster
Prospectively randomized: randomization method: no details in the text

Participants 45 infants ASA status Il or IV: Infants were randomly assigned to 1 of 3 groups (SmartNeedle (internal
Doppler ultrasound), landmark-guided, SiteRite)
Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at entry
2 admission details described (weight, age)
Other admission details not described, only “equal demographic data”
Participants anaesthetized
Operators: number: no details
Experience: no details

Interventions Technique:
LM: no details
Vs
US: ultrasound with 7.5-MHz resolution (SiteRite scanner) needle guide no details (axis no details)
Vs
Doppler: no details
LM
Unclear whether direct or indirect puncture
Technique standardized: unclear
Head down (Trendelenburg), head rotation
Seldinger technique: catheter over needle, no details
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Verghese 1995 (Continued)

Vessel and side: 1JV no details

us

Unclear whether direct or indirect puncture
Technique standardized: yes

Head down (Trendelenburg), head rotation
Seldinger technique: catheter over needle, no details
Vessel and side: 1JV no details

Doppler

Unclear whether direct or indirect puncture
Technique standardized: yes

Head down (Trendelenburg), head rotation
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

Outcomes Number of attempts until success (N, SD)
Complication rate total (N, %)
Time to successful cannulation (seconds): time between insertion of needle into the skin until free flow
of blood from the catheter
Notes No cross-over landmark-guided puncture; no ultrasound-guided puncture
Congress poster
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details (B)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__
Outcome assessor blinded: Unclear__X__
Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals
Selective reporting (re- Unclear risk Yes
porting bias)
Other bias High risk Participant selection: Yes _X_

Withdrawals: Unclear _X_

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Verghese 1995 (Continued)

Postrandomization exclusion: Unclear _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__

sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

Verghese 1996

Methods

Congress poster

Prospectively randomized; randomization method: no details in the text

Participants

95 infants (1 to 12 months of age) ASA status Ill or IV, scheduled to undergo 1J cannulation
Inclusion and exclusion criteria not clearly defined in the text

Treatment and control groups not adequately described at study entry

2 admission details described (weight, age)

Other admission details not described, only “equal demographic data”

Participants anaesthetized

Operators: number: no details

Experience: paediatric anesthesia fellows or attendings

Interventions

Technique:

LM: no details

Vs

US: 7.5-MHz resolution SiteRite scanner, needle guide no details (axis no details)
LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation no details
Seldinger technique: catheter over needle, no details
Vessel and side: IJV no details

us

Unclear whether direct or indirect puncture

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 105
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Verghese 1996 (Continued)

Technique standardized: unclear
Head down (Trendelenburg), head rotation no details
Seldinger technique: catheter over needle, no details

Vessel and side: 1JV no details

Outcomes Overall success rate (N, %)
Failure rate (N, %)
Number of attempts until success (N, SD)

Complication rate: total, arterial puncture, local bleeding, haematoma formation, cardiac complica-
tions, malpositioned catheter tips, rate of catheter-related infection, mortality, rate of other complica-
tions (thrombosis, embolism, haematomediastinum and hydromediastinum, haematothorax and hy-
drothorax, pneumothorax, subcutaneous emphysema, nerve injury) (N, %)

Time to successful cannulation (seconds): time between insertion of the needle into the skin until free
flow of blood from the catheter

Notes No cross-over landmark-guided puncture; no ultrasound-guided puncture

Congress poster

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details

tion (selection bias)

Allocation concealment Unclear risk Randomization method: no details
(selection bias)

Blinding (performance Unclear risk Subject blinded: Unclear__X__
bias and detection bias)
All outcomes Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data  Low risk Outcomes of participants who withdrew or were excluded after allocation
(attrition bias) were EITHER detailed separately OR included in an intention-to-treat analysis
All outcomes OR the text stated no withdrawals

Selective reporting (re- Low risk Yes

porting bias)

Other bias Low risk Participant selection: Yes _X_
Withdrawals: Unclear _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Unclear _X_

Blinding of participants Unclear risk Subject blinded: Unclear__X__
and personnel (perfor-
mance bias) Physician blinded: No__X__

All outcomes
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Verghese 1996 (Continued)
Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes
Treatment and control High risk No

groups were adequately

described at entry.

Vucevic 1994

Methods

Randomized controlled trial (RCT)

Randomization method: no details in the text (B)

Participants

Adult patients requiring central venous cannulation for cardiac surgery or in the ICU

40 patients, randomly allocated into 4 groups of 10. In group A (control), no problems were anticipated
in cannulation. In group B, the SMART needle was used, and again no problems were anticipated as re-
gards cannulation. In groups C (control) and D (SMART), potential problems were anticipated because
of obesity, previous cannulations or previous unsuccessful attempts. Groups A and B are designated as
‘easy’ groups, and groups C and D as ‘difficult’

Inclusion and exclusion criteria not clearly defined in the text
Treatment and control groups not adequately described at study entry
Admission details not described, only “equal demographic data”

No admission detail described

Participants anaesthetized

Operators: number: 2

Experience: 1 of 2 consultant anaesthetists, both with extensive experience in jugular venous access us-
ing the standard Seldinger technique. As neither anaesthetist had previously used the SMART needle,
both performed 10 SMART needle cannulations before the start of the study to familiarize themselves
with this new technique

Interventions

Technique:

LM: no details

Vs

US: 14.3-MHz SmartNeedle

LM

Unclear whether direct or indirect puncture
Technique standardized: unclear

Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: [JV right side

us

Direct puncture
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Vucevic 1994 (Continued)

Technique standardized: unclear
Head down (Trendelenburg), head rotation
Seldinger technique

Vessel and side: |JV right side

Outcomes Overall success rate (n, %)
Failure rate (n, %)
Number of attempts until success (n): number of attempts at cannulation: A single pass was defined as
aspiration of blood on the way in or on withdrawal. Redirection of the needle counted as a further at-
tempt
Arterial puncture (n, %)
Time to successful cannulation (seconds): time to successful insertion of the Seldinger wire
Success with attempt number 1, 2, 3, 4, 5 (n, %)
Success rate after cross-over (n, %)
Notes Cross-over landmark-guided puncture and ultrasound-guided puncture
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization method: no details in the text (B)
tion (selection bias)
Allocation concealment Unclear risk Randomization method: no details in the text (B)
(selection bias)
Blinding (performance Unclear risk Subject blinded: Unclear__X__

bias and detection bias)
All outcomes

Physician blinded: No__X__

Outcome assessor blinded: Unclear__X__

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes of participants who withdrew or were excluded after allocation
were EITHER detailed separately OR included in an intention-to-treat analysis
OR the text stated no withdrawals

Selective reporting (re- Unclear risk Yes
porting bias)
Other bias Unclear risk Participant selection: Unclear _X_

Withdrawals: No _X_
Postrandomization exclusion: No _X_

Intention-to-treat analysis: Yes _X_

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Subject blinded: Unclear__X__

Physician blinded: No__X__
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Vucevic 1994 (Continued)

Blinding of outcome as- Unclear risk Outcome assessor blinded: Unclear__X__
sessment (detection bias)
All outcomes

Treatment and control High risk No
groups were adequately
described at entry.

ASA = American Society of Anesthesiologists.
BSI = blood stream infection.

CCT = controlled clinical trial.

CVC = central venous catheter.

Do =Doppler.

ED = emergency department.

ICU =intensive care unit.

1JV =internal jugular vein.

1JVC = internal jugular vein cannulation.
LIJV = left internal jugular vein.

LM = landmark puncture technique.

Q-RCT = quasi-randomized controlled trial.
RCT = randomized controlled trial.

RIJV =right internal jugular vein.

SD = standard deviation.

SV = subclavian vein.

TEE = transesophageal echocardiography.
US = ultrasound.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Alderson 1993

Published twice (Congress poster > article) (see Alderson 1992)

Denys 1990

Prospective study, not randomized; only ultrasound used; published twice (see Denys 1991)

Denys 1991

Prospective study, not randomized; only ultrasound used; published twice (see Denys 1990)

Froehlich 2009

Different vessels were punctured and were statistically analysed together

Gallieni 1995 Observational study; LM used first for 10 patients, then US for additional 31 patients

Koski 1992 Observational study; ultrasound-guided technique was used during first half of the study and con-
ventional method during second half of the study

Legler 1984 Published twice (Congress poster > article) (see Legler 1983)

Miller 2002 Prospectively randomized (C) controlled trial with different vessels punctured and statistically

analysed together

Serafimidis 2009

No details on whether the study is prospective and randomized

Slama 1997

No report of ethical approval; nor did study authors ask for patients’ consent. Randomization was
balanced for procedures performed by interns or residents

Verghese 1999

Published twice (Congress poster > article) (see Verghese 1996)
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Study Reason for exclusion
Verghese 2000 Published twice (Congress poster > article) (see Verghese 1995)
Woody 2001 Prospectively randomized study. No details on punctured vessels were given; no usable data

Characteristics of studies awaiting assessment [ordered by study ID]

Airapetian 2013

Methods

Prospective randomized single-centre controlled trial

Participants

Atotal of 118 patients requiring jugular or femoral central cannula placement were randomly as-
signed to 3 groups

Interventions

Quick-look ultrasound with a skin mark (UM) has been used frequently for central vein cannulation.
The aim of this study was to compare this method with landmark (LM) and ultrasound-guided (UG)
cannulation of jugular and femoral veins by inexperienced operators

Outcomes Primary outcome was success rate; secondary outcomes were placement time, number of at-
tempts, mechanical complication rate and catheter colonization rate
Notes
Bikash 2014
Methods Prospective randomized observational study

Participants

120 patients scheduled for elective or emergency surgery or who during their stay in the ICU re-
quired
IJV catheterization were included in this study

Interventions

This study compares the ultrasound-guided technique (real-time image during cannulation, reloca-
tion of the IJV before cannulation) versus the classical anatomical landmark technique (central ap-
proach) for right IJV cannulation

Outcomes Number of attempts, success rate, venous access time, catheterization time and complications
Notes

Cajozzo 2004
Methods Prospective randomized study

Participants

196 patients: 105 received US-guided CVC, and 91 received CVC without US guide

Interventions

US-guided CVC and CVC without US guide

Outcomes

Time to perform CVC, success, major complications

Notes
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Gok 2013

Methods

Prospective randomized single-centre study

Participants

Critical care patients suffering cardiac arrest, congestive cardiac failure, acute pulmonary em-
bolism, ARDS, postoperative respiratory failure, trauma, neuromuscular disease, cerebrovascular
accident, metabolic disease, organophosphorus poisoning and catheterization

Interventions

97 real-time USG-guided internal vein catheterizations compared with the landmark technique
used in 97 critical care patients

Outcomes

Incidence of catheter-related bloodstream infection, average access time, time for insertion, at-
tempts required, mechanical complications

Notes

Shrestha 2011

Methods

Prospective randomized comparative study

Participants

120 patients in an intensive care unit requiring central venous cannulation

Interventions

Ultrasound technique for cannulation of the right internal jugular vein vs conventional landmark
technique

Outcomes

Success, number of attempts, time and first attempt success rate

Notes

ARDS = acute respiratory distress syndrome.
CVCs = central venous catheters.

ICU =intensive care unit.

LM = landmark.

UG = ultrasound-guided.

US = ultrasound.

DATA AND ANALYSES

Comparison 1. Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for central vein
catheterization

Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method
1 Complication rate total 14 2406 Risk Ratio (M-H, 0.29[0.17,0.52]

Random, 95% Cl)

1.1 Traditional landmark vs ultrasound guidance 10 2098 Risk Ratio (M-H, 0.33[0.17,0.63]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 111
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

1.2 Traditional landmark vs ultrasound guidance 1 141 Risk Ratio (M-H, 0.22[0.07,0.74]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
1.3 Traditional landmark vs ultrasound guidance 3 167 Risk Ratio (M-H, 0.12[0.01, 1.58]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail if direct or indirect
puncture
2 Overall success rate 23 4340 Risk Ratio (M-H, 1.12[1.08,1.17]
Random, 95% Cl)
2.1 Traditional landmark vs ultrasound guidance 17 3575 Risk Ratio (M-H, 1.11[1.06,1.17]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
2.2 Traditional landmark vs ultrasound guidance 6 630 Risk Ratio (M-H, 1.14[1.03,1.26]
for internal jugular vein cannulation for central Random, 95% ClI)
vein catheterization. Indirect puncture
2.3 Traditional landmark vs ultrasound guidance 2 135 Risk Ratio (M-H, 1.22[1.07,1.41]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct or
indirect puncture
3 Number of attempts until success 16 3302 Mean Difference -1.19[-1.45,
(IvV, Random, -0.92]
95% Cl)
3.1 Traditional landmark vs ultrasound guidance 11 2849 Mean Difference -1.19[-1.50,
for internal jugular vein cannulation for central (Iv, Random, -0.88]
vein catheterization. Direct puncture 95% Cl)
3.2 Traditional landmark vs ultrasound guidance 4 358 Mean Difference -0.94[-1.42,
for internal jugular vein cannulation for central (IV, Random, -0.45]
vein catheterization. Indirect puncture 95% Cl)
3.3 Traditional landmark vs ultrasound guidance 1 95 Mean Difference 0.00 [-2.78,-1.22]
for internal jugular vein cannulation for central (IvV, Random,
vein catheterization. No detail on whether direct or 95% Cl)
indirect puncture
4 Arterial puncture 22 4388 Risk Ratio (M-H, 0.28[0.18, 0.44]
Random, 95% Cl)
4.1 Traditional landmark vs ultrasound guidance 16 3676 Risk Ratio (M-H, 0.24[0.14,0.42]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
4.2 Traditional landmark vs ultrasound guidance 5 617 Risk Ratio (M-H, 0.48[0.23, 1.00]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
4.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 0.04[0.00, 0.73]

for internal jugular vein cannulation for central

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

vein catheterization. No detail on whether direct or

indirect puncture

5 Haematoma formation 13 3233 Risk Ratio (M-H, 0.27[0.13, 0.55]
Random, 95% Cl)

5.1 Traditional landmark vs ultrasound guidance 12 3171 Risk Ratio (M-H, 0.28[0.13, 0.59]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

5.2 Traditional landmark vs ultrasound guidance 1 62 Risk Ratio (M-H, 0.10[0.01, 1.86]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

6 Other complications (thrombosis, embolism, 11 3042 Risk Ratio (M-H, 0.34[0.15, 0.76]

haematomediastinum and hydromediastinum, Random, 95% Cl)

haematothorax and hydrothorax, pneumothorax,

subcutaneous emphysema, nerve injury)

6.1 Traditional landmark vs ultrasound guidance 9 2907 Risk Ratio (M-H, 0.35[0.11, 1.12]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

6.2 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 0.38[0.12,1.21]

for internal jugular vein cannulation for central Random, 95% ClI)

vein catheterization. Indirect puncture

6.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 0.09[0.01, 1.60]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. No detail on whether direct or

indirect puncture

7 Time to successful cannulation 20 3451 Mean Difference -30.52 [-55.21,
(Iv, Random, -5.82]
95% Cl)

7.1 Traditional landmark vs ultrasound guidance 1 40 Mean Difference 43.70[4.00,

for internal jugular vein cannulation for central (IV, Random, 83.40]

vein catheterization. Direct puncture. Time be- 95% Cl)

tween identification of puncture site and final

catheter placement

7.2 Traditional landmark vs ultrasound guidance 4 2074 Mean Difference -55.37 [-88.76,

for internal jugular vein cannulation for central (IvV, Random, -21.97]

vein catheterization. Direct puncture. Time be- 95% Cl)

tween penetration of skin and aspiration of venous

blood into the syringe

7.3 Traditional landmark vs ultrasound guidance 2 249 Mean Difference -39.46 [-58.09,

for internal jugular vein cannulation for central (IvV, Random, -20.83]

vein catheterization. Direct puncture. Time be- 95% Cl)

tween application of local anaesthetic and RJI

puncture

7.4 Traditional landmark vs ultrasound guidance 2 147 Mean Difference 99.89[-170.76,

for internal jugular vein cannulation for central

(IV, Random,
95% Cl)

370.53]
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

vein catheterization. Direct puncture. Time needed

for RIJV catheterization

7.5 Traditional landmark vs ultrasound guidance 1 84 Mean Difference -1.0 [-26.56,

for internal jugular vein cannulation for central (IvV, Random, 24.56]

vein catheterization. Direct puncture. Time of be- 95% Cl)

ginning of localization of the vessel up to aspiration

of venous blood

7.6 Traditional landmark vs ultrasound guidance 1 124 Mean Difference 5.40 [-38.04,

for internal jugular vein cannulation for central (IvV, Random, 48.84]

vein catheterization. Direct puncture. Time be- 95% Cl)

tween penetration of skin and successful place-

ment of guide wire within the internal jugular vein

7.7 Traditional landmark vs ultrasound guidance 1 80 Mean Difference  68.57 [59.59,

for internal jugular vein cannulation for central (IvV, Random, 77.55]

vein catheterization. Direct puncture. Time from 95% Cl)

completion of skin preparation and draping to suc-

cessful aspiration of venous blood into the syringe

7.8 Traditional landmark vs ultrasound guidance 1 120 Mean Difference -92.00 [-145.74,

for internal jugular vein cannulation for central (IV, Random, -42.26]

vein catheterization. Direct puncture. Time re- 95% Cl)

quired for successful guide wire insertion

7.9 Traditional landmark vs ultrasound guidance 1 70 Mean Difference -133.0[-223.05,

for internal jugular vein cannulation for central (IV, Random, -42.95]

vein catheterization. Direct puncture. Insertion 95% Cl)

time

7.10 Traditional landmark vs ultrasound guidance 1 40 Mean Difference -33.38[-57.91,

for internal jugular vein cannulation for central (IvV, Random, -8.85]

vein catheterization. Indirect puncture. Time taken 95% Cl)

to locate the vein

7.11 Traditional landmark vs ultrasound guidance 1 115 Mean Difference  -3.60[-35.32,

for internal jugular vein cannulation for central (IV, Random, 28.12]

vein catheterization. Indirect puncture. Time from 95% Cl)

initial skin palpation immediately before initial-

needle insertion to removal of 18-gauge cannula

from the guide wire

7.12 Traditional landmark vs ultrasound guidance 1 141 Mean Difference -124.0 [-198.33,

for internal jugular vein cannulation for central (Iv, Random, -49.67]

vein catheterization. Indirect puncture. Mean time 95% Cl)

to cannulation

7.13 Traditional landmark vs ultrasound guidance 1 40 Mean Difference -210.0 [-413.32,

for internal jugular vein cannulation for central (IV, Random, -6.68]

vein catheterization. No detail on whether direct or 95% Cl)

indirect puncture. Total time

7.14 Traditional landmark vs ultrasound guidance 2 127 Mean Difference -350.84 [-801.00,

for internal jugular vein cannulation for central
vein catheterization. No detail on whether direct or
indirect puncture. Time between insertion of nee-

(IvV, Random,
95% Cl)

99.33]
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

dle into the skin until free flow of blood from the
catheter

8 Success with attempt number 1 18 2681 Risk Ratio (M-H, 1.57[1.36,1.82]
Random, 95% Cl)

8.1 Traditional landmark vs ultrasound guidance 14 2225 Risk Ratio (M-H, 1.58[1.33,1.88]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

8.2 Traditional landmark vs ultrasound guidance 3 416 Risk Ratio (M-H, 1.48[1.14,1.92]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirekt puncture

8.3 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 4.0[0.62, 25.85]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct and indirect puncture

9 Success with attempt number 2 6 1156 Risk Ratio (M-H, 1.19[1.07,1.32]
Random, 95% Cl)

9.1 Traditional landmark vs ultrasound guidance 5 996 Risk Ratio (M-H, 1.25[1.06, 1.46]

for internal jugular vein cannulation for central Random, 95% ClI)

vein catheterization. Direct puncture

9.2 Traditional landmark vs ultrasound guidance 1 160 Risk Ratio (M-H, 1.05[0.97,1.14]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

10 Success with attempt number 3 2 189 Risk Ratio (M-H, 1.22[0.66, 2.28]
Random, 95% Cl)

10.1 Traditional landmark vs ultrasound guidance 1 29 Risk Ratio (M-H, 1.56[1.01, 2.40]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

10.2 Traditional landmark vs ultrasound guidance 1 160 Risk Ratio (M-H, 1.01[0.97, 1.06]

for internal jugular vein cannulation for central
vein catheterization. Indirect puncture

Random, 95% Cl)

Analysis 1.1. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 5/40 { 3.23% 0.09[0.01,1.59]
Bansal 2005 0/30 7/30 {7- 3.31% 0.07[0,1.12]
Bdck 1999 1/42 6/42 {—07— 5.21% 0.17[0.02,1.33]
Denys 1993 9/302 40/302 —_— 13.06% 0.23[0.11,0.46)
Favours ultrasound 0102 05 1 2 5 10 Favours landmark
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Grebenik 2004 14/59 8/65 T 12.41% 1.93[0.87,4.26]
Leung 2006 3/65 12/65 —_— 9.4% 0.25[0.07,0.84]
Lin 1998 5/104 12/86 e S— 10.87% 0.34[0.13,0.94]
Palepu 2009 9/205 19/194 — 12.6% 0.45[0.21,0.97]
Soyer 1993 0/24 1/23 4 + 2.76% 0.32[0.01,7.48]
Turker 2009 3/190 16/190 ‘—‘— 9.4% 0.19[0.06,0.63]
Subtotal (95% Cl) 1061 1037 - 82.23% 0.33[0.17,0.63]
Total events: 44 (Experimental (Ultrasound)), 126 (Control (Landmark))
Heterogeneity: Tau?=0.56; Chi?*=23.57, df=9(P=0.01); 1*=61.81%
Test for overall effect: Z=3.38(P=0)
1.1.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Milling 2005 3/72 13/69 ————+—— 9.44% 0.22[0.07,0.74]
Subtotal (95% CI) 72 69 ——e— 9.44% 0.22[0.07,0.74]
Total events: 3 (Experimental (Ultrasound)), 13 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.44(P=0.01)
1.1.3 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. No detail if direct or
indirect puncture
Heatly 1995 0/20 0/20 Not estimable
Verghese 1995 1/16 316 4 + 4.95% 0.33[0.04,2.87]
Verghese 1996 0/43 19/50 4¢— 3.38% 0.03[0,0.5]
Subtotal (95% Cl) 79 33 HEEE— 8.33% 0.12[0.01,1.58]
Total events: 1 (Experimental (Ultrasound)), 22 (Control (Landmark))
Heterogeneity: Tau?=1.99; Chi*>=2.24, df=1(P=0.13); 1>=55.33%
Test for overall effect: Z=1.62(P=0.11)
Total (95% CI) 1212 1194 P 100% 0.29[0.17,0.52]
Total events: 48 (Experimental (Ultrasound)), 161 (Control (Landmark))
Heterogeneity: Tau?=0.53; Chi*>=28.12, df=12(P=0.01); 1*=57.33%
Test for overall effect: Z=4.18(P<0.0001)
Test for subgroup differences: Chi?=0.81, df=1 (P=0.67), 1>=0%
Favours ultrasound o102 05 1 2 5 10 Favours landmark

Analysis 1.2. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 2 Overall success rate.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

1.2.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Bansal 2005 30/30 28/30 T+ 4.61% 1.07[0.96,1.2]
Denys 1993 302/302 266/302 + 6.46% 1.14[1.09,1.18]
Grebenik 2004 46/59 58/65 —+ 3.48% 0.87[0.74,1.03]
Hrics 1998 8/8 5/8 O . — 0.56% 1.55[0.9,2.66]
Johnson 1994 32/33 35/37 = 5.04% 1.03[0.93,1.13]

Favours landmark

I I
05 0.7 1 15 2

Favours ultrasound

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

116



Trusted evidence.
Informed decisions.

+ § Cochrane
é) Library

Better health. Cochrane Database of Systematic Reviews

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Karakitsos 2006 450/450 425/450 + 6.76% 1.06[1.03,1.08]
Leung 2006 61/65 51/65 — 3.89% 1.2[1.04,1.38]
Lin 1998 103/104 74/86 —+ 5.33% 1.15[1.05,1.26]
Mallory 1990 12/12 11/17 s — 1.13% 1.51[1.05,2.17]
Milling 2005 59/60 44/69 —t 3.05% 1.54[1.29,1.85]
Ovezov 2010 106/107 66/102 — 3.83% 1.53[1.33,1.77]
Palepu 2009 200/205 177/194 + 6.32% 1.07[1.02,1.12]
Scherhag 1989 17/19 16/20 — 1.83% 1.12[0.86,1.46]
Soyer 1993 24/24 18/23 —t 2.34% 1.27[1.01,1.59]
Troianos 1990 38/38 51/51 + 6.4% 1[0.96,1.05]
Troianos 1991 777 80/83 * 6.33% 1.04[0.99,1.09]
Turker 2009 189/190 185/190 * 6.72% 1.02[1,1.05]
Subtotal (95% Cl) 1783 1792 ¢ 74.08% 1.11[1.06,1.17]
Total events: 1754 (Experimental (Ultrasound)), 1590 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=135.72, df=16(P<0.0001); 1>=88.21%
Test for overall effect: Z=4.24(P<0.0001)
1.2.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Alderson 1992 20/20 16/20 — 2.23% 1.24[0.98,1.57]
Armstrong 1993 57/58 52/57 —+ 5.33% 1.08[0.99,1.18]
Chuan 2005 32/32 24/30 — 2.96% 1.25[1.03,1.5]
Hayashi 2002 116/120 112/120 + 6.1% 1.04[0.98,1.1]
Hrics 1998 20/24 5/8 —_— 0.52% 1.33[0.76,2.35]
Milling 2005 59/72 44/69 — 2.59% 1.29[1.04,1.58]
Subtotal (95% CI) 326 304 2 19.72% 1.14[1.03,1.26]
Total events: 304 (Experimental (Ultrasound)), 253 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=13.21, df=5(P=0.02); 1*=62.15%
Test for overall effect: Z=2.61(P=0.01)
1.2.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture
Heatly 1995 19/20 17/20 —— 2.56% 1.12[0.91,1.38]
Verghese 1996 43/43 40/52 — 3.63% 1.29[1.11,1.51]
Subtotal (95% CI) 63 72 <o 6.2% 1.22[1.07,1.41]
Total events: 62 (Experimental (Ultrasound)), 57 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=1.23, df=1(P=0.27); 1*=18.85%
Test for overall effect: Z=2.84(P=0)
Total (95% CI) 2172 2168 ¢ 100% 1.12[1.08,1.17]
Total events: 2120 (Experimental (Ultrasound)), 1900 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*>=163.8, df=24(P<0.0001); I>=85.35%
Test for overall effect: Z=5.37(P<0.0001)
Test for subgroup differences: Chi?=1.73, df=1 (P=0.42), 1>=0%
Favours landmark 05 07 1 15 2 Favours ultrasound
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Analysis 1.3. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI

1.3.1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture

Agarwal 2009 40 1.2(0.5) 40 .5(0.7) —+ 7.55% -0.33[-0.59,-0.07]
Denys 1993 302 1.2(0.5) 302 5(2.7) — 7.32% -1.3[-1.61,-0.99]
Johnson 1994 33 1.6(1.2) 37 2(2.1) —t 4.72% -1.6[-2.39,-0.81]
Karakitsos 2006 450 1.1(0.6) 450 .6(2.9) —— 7.48% -1.5[-1.77,-1.23]
Lin 1998 104 1.4(1.4) 86 .6(1.8) — 6.47% -1.19[-1.66,-0.72]
Ovezov 2010 107 1.3(0.1) 102 .7(0.2) * 8.11% -1.42[-1.46,-1.38]
Soyer 1993 24 1.5(0.7) 23 2015 4—+— 5.31% -2.67[-3.35,-1.99]
Sulek 2000 60 1.9(1.5) 60 .8(1.3) — 6.24% -0.9[-1.41,-0.39]
Troianos 1990 38 1.3(0.1) 51 (0 4) + 8.03% -1.08[-1.18,-0.98]
Troianos 1991 7 1.4(0.7) 83 .8(3) — 5.39% -1.4[-2.06,-0.74]
Turker 2009 190 1.1(0.3) 190 4(0.9) + 7.95% -0.34[-0.48,-0.2]
Subtotal *** 1425 1424 L 4 74.57% -1.19[-1.5,-0.88]
Heterogeneity: Tau?=0.23; Chi?>=320.12, df=10(P<0.0001); 1>=96.88%
Test for overall effect: Z=7.55(P<0.0001)
1.3.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture
Alderson 1992 20 1.4 (0.7) 20 2(1) — 6.21% -0.65[-1.17,-0.13]
Armstrong 1993 58 1.4 (0.9) 57 2.1(1.6) — 6.44% -0.7[-1.18,-0.22]
Chuan 2005 32 1.6(1) 30 2.6(1.8) e 5.05% -0.98[-1.71,-0.25]
Milling 2005 72 2.9(2.6) 69 5.2 (4.6) ‘—’— 2.96% -2.3[-3.53,-1.07]
Subtotal *** 182 176 - 20.67% -0.94[-1.42,-0.45]
Heterogeneity: Tau?=0.12; Chi?=6.4, df=3(P=0.09); 1*=53.11%
Test for overall effect: Z=3.81(P=0)
1.3.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture
Verghese 1996 43 1.3(0.6) 52 3.3(2.8) —t 4.76% -2[-2.78,-1.22]
Subtotal *** 43 52 - 4.76% -2[-2.78,-1.22]
Heterogeneity: Not applicable
Test for overall effect: Z=5.01(P<0.0001)
Total *** 1650 1652 . 4 100% -1.19[-1.45,-0.92]
Heterogeneity: Tau?=0.23; Chi?>=339.02, df=15(P<0.0001); 1>=95.58%
Test for overall effect: Z=8.76(P<0.0001)
Test for subgroup differences: Chi*=5.17, df=1 (P=0.08), 1’=61.28% ‘ ‘ ‘ ‘
Favours ultrasound 2 -l 0 1 2 Favours landmark
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Analysis 1.4. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 4 Arterial puncture.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.4.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 4/40 < + 2.15% 0.11[0.01,2]
Bansal 2005 0/30 4/30 < t 2.16% 0.11[0.01,1.98]
Bock 1999 1/42 1/42 2.35% 1[0.06,15.47]
Denys 1993 8/302 25/302 s a— 10.33% 0.32[0.15,0.7]
Grebenik 2004 7/59 4/65 I A— 7.47% 1.93[0.59,6.25]
Karakitsos 2006 5/450 48/450 ‘—'— 9.31% 0.1[0.04,0.26]
Leung 2006 1/65 4/65 < t 3.44% 0.25[0.03,2.18]
Lin 1998 1/104 4/86 < + 3.42% 0.21[0.02,1.82]
Ovezov 2010 1/107 28/102 ‘— 3.94% 0.03[0,0.25]
Palepu 2009 4/205 9/194 — %+ 7.57% 0.42[0.13,1.34]
Soyer 1993 0/24 1/23 < t 1.85% 0.32[0.01,7.48]
Sulek 2000 3/60 10/60 —¢+——— 7.09% 0.3[0.09,1.04]
Teichgraber 1997 0/50 6/50 < 2.2% 0.08[0,1.33]
Troianos 1990 0/38 3/51 < + 2.09% 0.19[0.01,3.58]
Troianos 1991 1/77 7/83 ‘—’— 3.67% 0.15[0.02,1.22]
Turker 2009 1/190 9/190 ‘—’7 3.71% 0.11[0.01,0.87]
Subtotal (95% CI) 1843 1833 P 72.75% 0.24[0.14,0.42]
Total events: 33 (Experimental (Ultrasound)), 167 (Control (Landmark))
Heterogeneity: Tau?=0.42; Chi?>=24.61, df=15(P=0.06); 1>=39.06%
Test for overall effect: Z=5.01(P<0.0001)
1.4.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Alderson 1992 1/20 2/20 4 + 3.09% 0.5[0.05,5.08]
Armstrong 1993 3/58 3/57 5.45% 0.98[0.21,4.67]
Chuan 2005 1/32 8/30 ‘_‘7 3.82% 0.12[0.02,0.88]
Hayashi 1998 3/80 8/80 . S— 6.8% 0.38[0.1,1.36]
Hayashi 2002 3/120 4/120 — 5.83% 0.75[0.17,3.28]
Subtotal (95% CI) 310 307 i 24.98% 0.48[0.23,1]
Total events: 11 (Experimental (Ultrasound)), 25 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=3.27, df=4(P=0.51); 1>=0%
Test for overall effect: Z=1.97(P=0.05)
1.4.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture
Verghese 1996 0/43 13/52 ‘7 2.27% 0.04[0,0.73]
Subtotal (95% Cl) 43 52 — 2.27% 0.04[0,0.73]
Total events: 0 (Experimental (Ultrasound)), 13 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=2.18(P=0.03)
Total (95% Cl) 2196 2192 - 100% 0.28[0.18,0.44]
Total events: 44 (Experimental (Ultrasound)), 205 (Control (Landmark))
Heterogeneity: Tau?=0.37; Chi?=32.5, df=21(P=0.05); 1*=35.39%
Test for overall effect: Z=5.48(P<0.0001)
Test for subgroup differences: Chi*=3.99, df=1 (P=0.14), 1’=49.91% ‘ ‘ ‘ ‘ ‘
Favours ultrasound 0.1 0. 0.5 5 10 Favours landmark
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Analysis 1.5. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 5 Haematoma formation.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

1.5.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 0/40 Not estimable
Bansal 2005 0/30 3/30 < + 4.53% 0.14[0.01,2.65]
Bock 1999 0/42 5/42 < + 4.66% 0.09[0.01,1.59]
Denys 1993 0/302 10/302 ‘7 4.74% 0.05[0,0.81]
Grebenik 2004 7/59 4/65 — Tt 11.86% 1.93[0.59,6.25]
Karakitsos 2006 2/450 38/450 ‘— 10.4% 0.05[0.01,0.22]
Leung 2006 2/65 7/65 @ %——— 9.73% 0.29[0.06,1.32]
Lin 1998 1/104 6/86 ‘—07- 7.05% 0.14[0.02,1.12]
Palepu 2009 5/205 10/194 S e—— 12.63% 0.47[0.16,1.36]
Sulek 2000 6/60 9/60 —t— 13.19% 0.67[0.25,1.76]
Teichgraber 1997 1/50 5/50 < + 7% 0.2[0.02,1.65]
Turker 2009 2/190 7/190 ————— 9.59% 0.29[0.06,1.36]
Subtotal (95% Cl) 1597 1574 ~a— 95.37% 0.28[0.13,0.59]
Total events: 26 (Experimental (Ultrasound)), 104 (Control (Landmark))
Heterogeneity: Tau?=0.83; Chi?=23.38, df=10(P=0.01); 1>=57.23%
Test for overall effect: Z=3.33(P=0)
1.5.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Chuan 2005 0/32 4/30 4 + 4.63% 0.1[0.01,1.86]
Subtotal (95% CI) 32 30 IE— 4.63% 0.1[0.01,1.86]
Total events: 0 (Experimental (Ultrasound)), 4 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.54(P=0.12)
Total (95% CI) 1629 1604 - 100% 0.27[0.13,0.55]

Total events: 26 (Experimental (Ultrasound)), 108 (Control (Landmark))
Heterogeneity: Tau?=0.79; Chi*=24.08, df=11(P=0.01); 1>=54.32%

Test for overall effect: Z=3.57(P=0)

Test for subgroup differences: Chi*=0.42, df=1 (P=0.52), 1>=0%

Favours ultrasound

L L
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0.5 1 2 5 10

Favours landmark

Analysis 1.6. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for
central vein catheterization, Outcome 6 Other complications (thrombosis, embolism, haematomediastinum and
hydromediastinum, haematothorax and hydrothorax, pneumothorax, subcutaneous emphysema, nerve injury).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.6.1 Traditional landmark vs ultr d guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 1/40 4 5.94% 0.33[0.01,7.95]
Denys 1993 1/302 5/302 4 11.89% 0.2[0.02,1.7]
Grebenik 2004 0/59 0/65 Not estimable

Favours ultrasound
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Karakitsos 2006 0/450 19/450 ‘7 7.43% 0.03[0,0.42]
Leung 2006 0/65 1/65 4 + 5.9% 0.33[0.01,8.03]
Lin 1998 3/104 2/86 + 16.25% 1.24[0.21,7.25]
Palepu 2009 0/205 0/194 Not estimable
Teichgraber 1997 2/50 3/50 * 16.55% 0.67[0.12,3.82]
Turker 2009 0/190 0/190 Not estimable
Subtotal (95% Cl) 1465 1442 — 63.94% 0.35[0.11,1.12]
Total events: 6 (Experimental (Ultrasound)), 31 (Control (Landmark))
Heterogeneity: Tau?=0.72; Chi*=7.61, df=5(P=0.18); 1>=34.31%
Test for overall effect: Z=1.76(P=0.08)
1.6.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Alderson 1992 3/20 8/20 e ——— 28.84% 0.38[0.12,1.21]
Subtotal (95% ClI) 20 20 " 28.84% 0.38[0.12,1.21]
Total events: 3 (Experimental (Ultrasound)), 8 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.64(P=0.1)
1.6.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture
Verghese 1996 0/43 6/52 4 7.22% 0.09[0.01,1.6]
Subtotal (95% CI) 43 52  HEE—— 7.22% 0.09[0.01,1.6]
Total events: 0 (Experimental (Ultrasound)), 6 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.64(P=0.1)
Total (95% CI) 1528 1514 —— 100% 0.34[0.15,0.76]
Total events: 9 (Experimental (Ultrasound)), 45 (Control (Landmark))
Heterogeneity: Tau?=0.23; Chi?>=8.42, df=7(P=0.3); 1*>=16.91%
Test for overall effect: Z=2.63(P=0.01)
Test for subgroup differences: Chi*=0.82, df=1 (P=0.66), 1>=0%
Favours ultrasound 0102 05 1 2 5 10 Favours landmark

Analysis 1.7. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 7 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
1.7.1 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
identification of puncture site and final catheter placement
Scherhag 1989 20 155.8 (77) 20 112.1(47.7) ——)  ss58% 43.7(4,83.4]
Subtotal *** 20 20 —— 5.58% 43.7[4,83.4]

Heterogeneity: Not applicable
Test for overall effect: Z=2.16(P=0.03)

Favours ultrasound
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.7.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and aspiration of venous blood into the syringe

Denys 1993 302 10.3 (11.6) 302 44.5(129.5) {— 6.38% -34.2[-48.86,-19.54]
Karakitsos 2006 450 17.1(16.5) 450 44 (95.4) {—0— 6.47% -26.9[-35.85,-17.95]
Lin 1998 104 15.8 (23) 86 43.7(52.1) {-o— 6.43% -27.9[-39.77,-16.03]
Turker 2009 190 95 (136) 190 236 (110) { 6.12% -141[-165.87,-116.13]
Subtotal *** 1046 1028 — 25.39% -55.37[-88.76,-21.97]
Heterogeneity: Tau?=1095.14; Chi?=74.27, df=3(P<0.0001); 1*=95.96%

Test for overall effect: Z=3.25(P=0)

1.7.3 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Direct puncture. Time between

application of local anaesthetic and RJI puncture

Troianos 1990 38 64 (8) 51 98 (16) ‘ 6.51% -34[-39.07,-28.93]
Troianos 1991 77 61 (46) 83 117 (136) {— 5.92% -56[-87.01,-24.99]
Subtotal *** 115 134 — 12.42% -39.46[-58.09,-20.83]
Heterogeneity: Tau?=113.49; Chi*=1.88, df=1(P=0.17); 1>=46.9%

Test for overall effect: Z=4.15(P<0.0001)

1.7.4 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Direct puncture. Time needed for

RIJV catheterization

Soyer 1993 24 480 (120) 23 240 (120) } 4.34% 240[171.37,308.63]
Teichgraber 1997 50 15.2 (53.4) 50 51.4(53.4) ‘— 6.23% -36.2[-57.11,-15.29]
Subtotal *** 74 73 I 10.57% 99.89[-170.76,370.53]
Heterogeneity: Tau?=37473.25; Chi*=56.93, df=1(P<0.0001); 1>=98.24%

Test for overall effect: Z=0.72(P=0.47)

1.7.5 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Direct puncture. Time of begin-
ning of localization of the vessel up to aspiration of venous blood

Bock 1999 42 59 (65) 42 60 (54) ﬂ 6.1% -1[-26.56,24.56]
Subtotal *** 42 42 * 6.1% -1[-26.56,24.56]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.08(P=0.94) ‘

|

|

1.7.6 Traditional landmark vs ultr d guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and successful placement of guide wire within the internal
jugular vein

Grebenik 2004 59 97.8 (85.5) 65 92.4 (154.5) 5.43% 5.4[-38.04,48.84]
Subtotal *** 59 65 —— 5.43% 5.4[-38.04,48.84]
Heterogeneity: Not applicable

Test for overall effect: Z=0.24(P=0.81)

_~
v

1.7.7 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time from com-
pletion of skin preparation and draping to successful aspiration of venous
blood into the syringe

Agarwal 2009 40 145 (17) 40 76.4 (23.5) } 6.47% 68.57[59.59,77.55]
Subtotal *** 40 40 6.47% 68.57[59.59,77.55]
Heterogeneity: Not applicable

Test for overall effect: Z=14.97(P<0.0001)

Favours ultrasound 20 -10 0 1020 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.7.8 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time required
for successful guide wire insertion

Sulek 2000 60 98 (118.4) 60 19201667 4 5.07% -94[-145.74,-42.26]
Subtotal *** 60 60 5.07% -94[-145.74,-42.26]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=3.56(P=0)

1.7.9 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Insertion time

Johnson 1994 33 77 (108) 37 210 (255) { 3.49% -133[-223.05,-42.95]
Subtotal *** 33 37 3.49% -133[-223.05,-42.95]
Heterogeneity: Not applicable

Test for overall effect: Z=2.89(P=0)

1.7.10 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Time taken to
locate the vein

Alderson 1992 20 23(27.4) 20 56.4 (48.8) ‘7 6.13% -33.38[-57.91,-8.85]
Subtotal *** 20 20 — 6.13% -33.38[-57.91,-8.85]
Heterogeneity: Not applicable

Test for overall effect: Z=2.67(P=0.01)

1.7.11 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Time from ini-
tial skin palpation immediately before initial needle insertion to removal of 18-
gauge cannula from the guide wire

Armstrong 1993 58 87.6(85) 57 91.2 (88.5) — 5.89% -3.6[-35.32,28.12]
Subtotal *** 58 57 ———— 5.89% -3.6[-35.32,28.12]
Heterogeneity: Not applicable

Test for overall effect: Z=0.22(P=0.82)

_~

1.7.12 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Mean time to

cannulation
Milling 2005 72 126 (157.5) 69 250 (274.7) < 4.1% -124[-198.33,-49.67]
Subtotal *** 72 69 4.1% -124[-198.33,-49.67]

Heterogeneity: Not applicable
Test for overall effect: Z=3.27(P=0)

1.7.13 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture. Total time

Heatly 1995 20 150 (328) 20 360 (328) ‘7 1.2% -210[-413.32,-6.68]
Subtotal *** 20 20 — 1.2% -210[-413.32,-6.68]
Heterogeneity: Not applicable

Test for overall effect: Z=2.02(P=0.04)

1.7.14 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture. Time between insertion of needle into the skin until free flow
of blood from the catheter

N

Verghese 1995 16 271.2 16 399.6 (321) < } 14 1.31% -128.4[-321.16,64.36]
(227.4)
Verghese 1996 43 252 (168) 52 840 (906) < 0.84% -588[-839.32,-336.68]
Subtotal *** 59 68 2.15% -350.84[-801,99.33]
Favours ultrasound 20 -10 0 10 20 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Heterogeneity: Tau?=92559.25; Chi*=8.09, df=1(P=0); 1>=87.64%
Test for overall effect: Z=1.53(P=0.13)
Total *** 1718 1733 — 100% -30.52[-55.21,-5.82]
Heterogeneity: Tau?=2433.65; Chi*=624.43, df=19(P<0.0001); 1°=96.96%
Test for overall effect: Z=2.42(P=0.02)
Test for subgroup differences: Chi*=244.77, df=1 (P<0.0001), 1>=94.69% ‘ ‘ ‘ ‘

Favours ultrasound 20 -10 10 20 Favours landmark

Analysis 1.8. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 8 Success with attempt number1.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.8.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 35/40 27/40 —— 6.6% 1.3[1.01,1.66]
Bansal 2005 26/30 17/30 —— 5.6% 1.53[1.09,2.16]
Bock 1999 35/42 23/42 — 5.97% 1.52[1.12,2.07]
Denys 1993 248/302 116/302 7.45% 2.14[1.84,2.49]
Johnson 1994 22/33 6/37 _— 2.48% 4.11[1.9,8.89]
Leung 2006 50/61 36/51 —— 6.92% 1.16[0.94,1.44]
Lin 1998 84/104 30/86 6% 2.32[1.71,3.14]
Mallory 1990 7/12 7/17 —_ 2.61% 1.42[0.67,2.98]
Ovezov 2010 88/107 40/102 6.48% 2.1[1.62,2.71]
Palepu 2009 173/205 141/194 + 7.79% 1.16[1.05,1.29]
Scherhag 1989 14/19 11/20 —+— 433% 1.34[0.83,2.16]
Teichgraber 1997 48/50 28/50 —— 6.53% 1.71[1.33,2.21]
Troianos 1990 29/38 30/51 —— 6.14% 1.3[0.97,1.73]
Troianos 1991 56/77 45/83 —— 6.65% 1.34{1.05,1.71]
Subtotal (95% Cl) 1120 1105 <& 81.55% 1.58[1.33,1.88]
Total events: 915 (Experimental (Ultrasound)), 557 (Control (Landmark))
Heterogeneity: Tau?=0.08; Chi*=84.48, df=13(P<0.0001); 1*=84.61%
Test for overall effect: Z=5.16(P<0.0001)
1.8.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirekt puncture
Armstrong 1993 44/58 30/57 — 6.18% 1.44[1.08,1.92]
Hayashi 1998 74/80 57/80 —+ 7.45% 1.3[1.11,1.51]
Milling 2005 36/72 16/69 e 4.25% 2.16[1.32,3.51]
Subtotal (95% CI) 210 206 <o 17.89% 1.48[1.14,1.92]
Total events: 154 (Experimental (Ultrasound)), 103 (Control (Landmark))
Heterogeneity: Tau?=0.03; Chi?=5.05, df=2(P=0.08); 1*=60.42%
Test for overall effect: Z=2.95(P=0)
1.8.3 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct and indirect
puncture
Hrics 1998 16/32 1/8 > 0.57% 4[0.62,25.85]
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% Cl) 32 8 ——e 0.57% 4[0.62,25.85]
Total events: 16 (Experimental (Ultrasound)), 1 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.46(P=0.15)
Total (95% CI) 1362 1319 L 2 100% 1.57[1.36,1.82]
Total events: 1085 (Experimental (Ultrasound)), 661 (Control (Landmark))
Heterogeneity: Tau?=0.07; Chi*=92.59, df=17(P<0.0001); I>=81.64%
Test for overall effect: Z=6.09(P<0.0001)
Test for subgroup differences: Chi*=1.15, df=1 (P=0.56), 1>=0% ‘ ‘ ‘ ‘
Favours landmark 02 0.5 1 2 5 Favours ultrasound
Analysis 1.9. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 9 Success with attempt number 2.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.9.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Bock 1999 42/42 34/42 —— 17.22% 1.23[1.06,1.43]
Denys 1993 292/302 272/302 L4 25.26% 1.07[1.03,1.12]
Lin 1998 97/104 57/86 —— 16.64% 1.41[1.2,1.65]
Mallory 1990 9/12 10/17 _— 3.72% 1.27[0.76,2.13]
Troianos 1990 36/38 36/51 — 14.24% 1.34{1.11,1.63]
Subtotal (95% Cl) 498 498 L 2 77.08% 1.25[1.06,1.46]
Total events: 476 (Experimental (Ultrasound)), 409 (Control (Landmark))
Heterogeneity: Tau?=0.02; Chi*=21.55, df=4(P=0); 1>=81.44%
Test for overall effect: Z=2.72(P=0.01)
1.9.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Hayashi 1998 77/80 73/80 +— 22.92% 1.05[0.97,1.14]
Subtotal (95% CI) 80 80 b 22.92% 1.05[0.97,1.14]
Total events: 77 (Experimental (Ultrasound)), 73 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.3(P=0.19)
Total (95% CI) 578 578 <& 100% 1.19[1.07,1.32]

Total events: 553 (Experimental (Ultrasound)), 482 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=23, df=5(P=0); 1?=78.26%

Test for overall effect: Z=3.18(P=0)

Test for subgroup differences: Chi*=3.36, df=1 (P=0.07), 1?=70.22%

Favours landmark

L L
05 0.7

Favours ultrasound
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Analysis 1.10. Comparison 1 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 10 Success with attempt number 3.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.10.1 Traditional landmark vs ultrasound guidance for internal jugu- ‘
lar vein cannulation for central vein catheterization. Direct puncture
Mallory 1990 11/12 10/17 - 44.07% 1.56[1.01,2.4]
Subtotal (95% CI) 12 17 D 2 44.07% 1.56[1.01,2.4]
Total events: 11 (Experimental (Ultrasound)), 10 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=2.01(P=0.04)
1.10.2 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. Indirect puncture
Hayashi 1998 79/80 78/80 - 55.93% 1.01[0.97,1.06]
Subtotal (95% ClI) 80 80 55.93% 1.01[0.97,1.06]
Total events: 79 (Experimental (Ultrasound)), 78 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=0.58(P=0.56)
Total (95% Cl) 92 97 ’ 100% 1.22[0.66,2.28]
Total events: 90 (Experimental (Ultrasound)), 88 (Control (Landmark))
Heterogeneity: Tau?=0.18; Chi?=8.27, df=1(P=0); 1°=87.91%
Test for overall effect: Z=0.64(P=0.52)
Test for subgroup differences: Chi?=3.77, df=1 (P=0.05), 1°=73.48%
Favours landmark ~ 0-01 0.1 1 10 100 Favours ultrasound

Comparison 2. Doppler guidance vs anatomical landmarks for internal jugular vein cannulation for central vein

catheterization
Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

1 Complication rate total 3 93 Risk Ratio (M-H, 0.52[0.16, 1.71]
Random, 95% Cl)

1.1 Traditional landmark vs Doppler guidance for 2 50 Risk Ratio (M-H, 0.56 [0.16, 2.04]

internal jugular vein cannulation for central vein Random, 95% Cl)

catheterization. Direct puncture

1.2 Traditional landmark vs Doppler guidance for 1 43 Risk Ratio (M-H, 0.32[0.01, 7.42]

internal jugular vein cannulation for central vein Random, 95% Cl)

catheterization. Indirect puncture

2 Overall success rate 7 289 Risk Ratio (M-H, 1.09[0.95, 1.25]
Random, 95% Cl)

2.1 Traditional landmark vs Doppler guidance for 6 246 Risk Ratio (M-H, 1.13[0.95, 1.35]

internal jugular vein cannulation for central vein
catheterization. Direct puncture

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

2.2 Traditional landmark vs Doppler guidance for 1 43 Risk Ratio (M-H, 1.0[0.92,1.09]
internal jugular vein cannulation for central vein Random, 95% Cl)
catheterization. Indirect puncture
3 Number of attempts until success 2 69 Mean Difference -0.63[-1.92, 0.66]
(Iv, Random, 95%
Cl)
3.1 Traditional landmark vs Doppler guidance for 2 69 Mean Difference -0.63[-1.92, 0.66]
internal jugular vein cannulation for central vein (IV, Random, 95%
catheterization. Direct puncture Cl)
4 Arterial puncture 6 213 Risk Ratio (M-H, 0.61[0.21,1.73]
Random, 95% Cl)
4.1 Traditional landmark vs Doppler guidance for 4 141 Risk Ratio (M-H, 0.54[0.12, 2.46]
internal jugular vein cannulation for central vein Random, 95% Cl)
catheterization. Direct puncture
4.2 Traditional landmark vs Doppler guidance for 1 43 Risk Ratio (M-H, 0.32[0.01, 7.42]
internal jugular vein cannulation for central vein Random, 95% Cl)
catheterization. Indirect puncture
4.3 Traditional landmark vs Doppler guidance for 1 29 Risk Ratio (M-H, 0.82[0.16, 4.20]
internal jugular vein cannulation for central vein Random, 95% Cl)
catheterization. No detail on whether direct or in-
direct puncture
5 Time to successful cannulation 5 214 Mean Difference 62.04 [-13.47,
(IvV, Random, 95% 137.55]
cl
5.1 Traditional landmark vs Doppler guidance for 1 40 Mean Difference 54.90 [16.46,
internal jugular vein cannulation for central vein (IvV, Random, 95% 93.34]
catheterization. Direct puncture. Time between Cl)
identification of puncture site and final catheter
placement
5.2 Traditional landmark vs Doppler guidance for 1 40 Mean Difference -117.00 [-274.74,
internal jugular vein cannulation for central vein (IvV, Random, 95% 40.74]
catheterization. Direct puncture. Time between Cl)
injection of local anaesthetic and insertion of can-
nula into the IJV
5.3 Traditional landmark vs Doppler guidance for 1 29 Mean Difference 214.0[11.55,
internal jugular vein cannulation for central vein (IvV, Random, 95% 416.45]
catheterization. Direct puncture. Total duration of Cl)
venous catheterization
5.4 Traditional landmark vs Doppler guidance for 1 76 Mean Difference 95.0 [-2.40,
internal jugular vein cannulation for central vein (IvV, Random, 95% 192.40]

catheterization. Direct puncture. Mean times re-
quired to achieve successful cannulation

Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

5.5 Traditional landmark vs Doppler guidance for 1 29 Mean Difference 135.60 [-117.76,

internal jugular vein cannulation for central vein (IvV, Random, 95% 388.96]

catheterization. No detail on whether direct or in- Cl)

direct puncture. Time between insertion of nee-

dle into the skin until free flow of blood from the

catheter

6 Success with attempt number 1 4 199 Risk Ratio (M-H, 1.58[1.02,2.43]
Random, 95% Cl)

6.1 Traditional landmark vs Doppler guidance for 3 156 Risk Ratio (M-H, 1.38[0.88, 2.16]

internal jugular vein cannulation for central vein Random, 95% Cl)

catheterization. Direct puncture

6.2 Traditional landmark vs Doppler guidance for 1 43 Risk Ratio (M-H, 2.70[1.33,5.52]

internal jugular vein cannulation for central vein
catheterization. Indirect puncture

Random, 95% Cl)

Analysis 2.1. Comparison 2 Doppler guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.1.1 Traditional landmark vs Doppler guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Branger 1994 1/11 3/10 } 32.37% 0.3[0.04,2.46]
Verghese 1995 2/13 3/16 + 53.29% 0.82[0.16,4.2]
Subtotal (95% Cl) 24 26 ‘ 85.66% 0.56[0.16,2.04]
Total events: 3 (Experimental (Ultrasound)), 6 (Control (Landmark)) ‘
Heterogeneity: Tau?=0; Chi?=0.54, df=1(P=0.46); 1>=0% ‘
Test for overall effect: Z=0.87(P=0.38) ‘

|
2.1.2 Traditional landmark vs Doppler guidance for internal jugular ‘
vein cannulation for central vein catheterization. Indirect puncture
Legler 1983 0/22 121 4 } 14.34% 0.32[0.01,7.42]
Subtotal (95% Cl) 22 2] — — 14.34% 0.32[0.01,7.42]
Total events: 0 (Experimental (Ultrasound)), 1 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=0.71(P=0.48)
Total (95% Cl) 46 47 —~l— 100% 0.52[0.16,1.71]
Total events: 3 (Experimental (Ultrasound)), 7 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0.65, df=2(P=0.72); 1>=0%
Test for overall effect: Z=1.08(P=0.28)
Test for subgroup differences: Chi*=0.11, df=1 (P=0.74), 1>=0%

Favours ultrasound 005 02 1 20 Favours landmark
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Analysis 2.2. Comparison 2 Doppler guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 2 Overall success rate.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

2.2.1 Traditional landmark vs Doppler guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

Branger 1994 10/11 7/10 —_— 6.54% 1.3[0.83,2.03]
Branger 1995 13/14 10/15 — 8.02% 1.39[0.95,2.05]
Gilbert 1995 27/32 27/44 —— 11.88% 1.38[1.04,1.82]
Gratz 1994 20/20 20/20 +* 21.81% 1[0.91,1.1]
Scherhag 1989 18/20 16/20 —— 12.53% 1.13[0.86,1.46]
Vucevic 1994 18/20 19/20 —— 17.09% 0.95[0.79,1.13]
Subtotal (95% Cl) 117 129 . 2 77.87% 1.13[0.95,1.35]

Total events: 106 (Experimental (Ultrasound)), 99 (Control (Landmark))
Heterogeneity: Tau?=0.03; Chi?=17.46, df=5(P=0); 1>=71.37%
Test for overall effect: Z=1.38(P=0.17)

2.2.2 Traditional landmark vs Doppler guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Legler 1983 22/22 21/21 '+ 22.13% 1[0.92,1.09]
Subtotal (95% Cl) 22 21 * 22.13% 1[0.92,1.09]
Total events: 22 (Experimental (Ultrasound)), 21 (Control (Landmark)) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Not applicable ‘

|
Total (95% CI) 139 150 b 100% 1.09[0.95,1.25]
Total events: 128 (Experimental (Ultrasound)), 120 (Control (Landmark)) ‘
Heterogeneity: Tau?=0.02; Chi?>=21.51, df=6(P=0); 1>=72.11% ‘
Test for overall effect: Z=1.28(P=0.2) ‘
Test for subgroup differences: Chi?=1.51, df=1 (P=0.22), 1>=33.99% ‘

Favours landmark 02 0.5 1 2 5 Favours ultrasound

Analysis 2.3. Comparison 2 Doppler guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

2.3.1 Traditional landmark vs Doppler guidance for internal jugular vein can-
nulation for central vein catheterization. Direct puncture

Branger 1995 14 2.3(0.4) 15 2.4(0.6) - 60.69% -0.1[-0.47,0.27]
Gratz 1994 20 1.4(0.9) 20 2.8(2.8) —— 39.31% -1.45[-2.73,-0.17]
Subtotal *** 34 35 —ell— 100% -0.63[-1.92,0.66]
Heterogeneity: Tau?=0.68; Chi*=3.96, df=1(P=0.05); 1>=74.73%

Test for overall effect: Z=0.96(P=0.34)

Total *** 34 35 —ell— 100% -0.63[-1.92,0.66]
Heterogeneity: Tau?=0.68; Chi*=3.96, df=1(P=0.05); 1>=74.73%

Test for overall effect: Z=0.96(P=0.34)

Favours ultrasound 2 -1 0 12 Favours landmark
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Analysis 2.4. Comparison 2 Doppler guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization, Outcome 4 Arterial puncture.

Study or subgroup Experimental Control

(Ultrasound) (Landmark)
n/N n/N

Risk Ratio Weight Risk Ratio

M-H, Random, 95% CI M-H, Random, 95% Cl

2.4.1 Traditional landmark vs Doppler guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

V' N

Branger 1994 1/11 2/10
Gratz 1994 0/20 0/20

- 21.77% 0.45[0.05,4.28]

Not estimable

Scherhag 1989 0/20 1/20

11.09% 0.33[0.01,7.72]

Vucevic 1994 1/20 1/20
Subtotal (95% CI) 71 70
Total events: 2 (Experimental (Ultrasound)), 4 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0.31, df=2(P=0.85); 1>=0%

Test for overall effect: Z=0.79(P=0.43)

2.4.2 Traditional landmark vs Doppler guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

’AL V' N

v

15% 1[0.07,14.9]
47.86% 0.54[0.12,2.46]

_~

Legler 1983 0/22 1/21
Subtotal (95% CI) 22 21
Total events: 0 (Experimental (Ultrasound)), 1 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=0.71(P=0.48)

2.4.3 Traditional landmark vs Doppler guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

‘ 11.06%
11.06%

0.32[0.01,7.42]
0.32[0.01,7.42]

Verghese 1995 2/13 3/16
Subtotal (95% Cl) 13 16
Total events: 2 (Experimental (Ultrasound)), 3 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=0.24(P=0.81)

Total (95% CI) 106 107
Total events: 4 (Experimental (Ultrasound)), 8 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0.63, df=4(P=0.96); 1>=0%

Test for overall effect: Z=0.94(P=0.35)

Test for subgroup differences: Chi*=0.31, df=1 (P=0.85), 1>=0%

'R 41.08%
41.08%

0.82[0.16,4.2]
0.82[0.16,4.2]

100% 0.61[0.21,1.73]

Favours ultrasound 02

Favours landmark

Analysis 2.5. Comparison 2 Doppler guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 5 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.5.1 Traditional landmark vs Doppler guidance for internal jugular vein can- ‘
nulation for central vein catheterization. Direct puncture. Time between iden-
tification of puncture site and final catheter placement
Scherhag 1989 20 167 (73.6) 20 112.1(47.7) ‘ — 40.75% 54.9[16.46,93.34]
Subtotal *** 20 20 \ L 4 40.75% 54.9[16.46,93.34]
Heterogeneity: Not applicable ‘

Favours ultrasound -200-100 0 100 200 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Test for overall effect: Z=2.8(P=0.01)
2.5.2 Traditional landmark vs Doppler guidance for internal jugular vein can-
nulation for central vein catheterization. Direct puncture. Time between injec-
tion of local anaesthetic and insertion of cannula into the 1JV
Gratz 1994 20 109 (139) 20 226 (332) _ 15.25% -117[-274.74,40.74]
Subtotal *** 20 20 ——l 15.25% -117[-274.74,40.74]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.45(P=0.15)
2.5.3 Traditional landmark vs Doppler guidance for internal jugular vein can-
nulation for central vein catheterization. Direct puncture. Total duration of ve-
nous catheterization
Branger 1995 14 401 (380) 15 187 (73) 4’—’ 10.66% 214[11.55,416.45]
Subtotal *** 14 15 ——e— 10.66% 214[11.55,416.45]
Heterogeneity: Not applicable
Test for overall effect: Z=2.07(P=0.04)
2.5.4 Traditional landmark vs Doppler guidance for internal jugular vein can-
nulation for central vein catheterization. Direct puncture. Mean times required
to achieve successful cannulation
Gilbert 1995 32 283.5 44 188.5 ‘—'— 25.92% 95[-2.4,192.4]

(227.7) (193.3)
Subtotal *** 32 44 }0 25.92% 95[-2.4,192.4]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.91(P=0.06) ‘
2.5.5 Traditional landmark vs Doppler guidance for internal jugular vein can- ‘
nulation for central vein catheterization. No detail on whether direct or indi-
rect puncture. Time between insertion of needle into the skin until free flow of
blood from the catheter
Verghese 1995 13 535.2 16 399.6 (321) } + 7.43% 135.6[-117.76,388.96]

(365.4)
Subtotal *** 13 16 ———— 7.43% 135.6[-117.76,388.96]
Heterogeneity: Not applicable
Test for overall effect: Z=1.05(P=0.29)
Total *** 99 115 e 100% 62.04[-13.47,137.55]
Heterogeneity: Tau?=3257.89; Chi?=7.95, df=4(P=0.09); 1>=49.68%
Test for overall effect: Z=1.61(P=0.11)
Test for subgroup differences: Chi*=7.95, df=1 (P=0.09), 1>=49.68%

Favours ultrasound -200-100 0 100 200 Favours landmark

Analysis 2.6. Comparison 2 Doppler guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization, Outcome 6 Success with attempt number 1.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.6.1 Traditional landmark vs Doppler guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Gilbert 1995 18/32 13/44 4-—} 26% 1.9[1.1,3.3]
Gratz 1994 17/20 11/20 e — 30.68% 1.55[1,2.39]
Favours landmark 05 07 1 15 2 Favours ultrasound
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Scherhag 1989 9/20 11/20 * 23.11% 0.82[0.44,1.53]
Subtotal (95% Cl) 72 84 e 79.79% 1.38[0.88,2.16]
Total events: 44 (Experimental (Ultrasound)), 35 (Control (Landmark))
Heterogeneity: Tau?=0.08; Chi*=4.22, df=2(P=0.12); 1>=52.59%
Test for overall effect: Z=1.42(P=0.16)
2.6.2 Traditional landmark vs Doppler guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Legler 1983 17/22 6/21 —) 20.21% 2.7[1.33,5.52]
Subtotal (95% CI) 22 21 ———el 20.21% 2.7[1.33,5.52]
Total events: 17 (Experimental (Ultrasound)), 6 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=2.73(P=0.01)
Total (95% Cl) 94 105 —— 100% 1.58[1.02,2.43]
Total events: 61 (Experimental (Ultrasound)), 41 (Control (Landmark))
Heterogeneity: Tau?=0.11; Chi*=6.94, df=3(P=0.07); 1>=56.78%
Test for overall effect: Z=2.06(P=0.04)
Test for subgroup differences: Chi*=2.45, df=1 (P=0.12), 1>=59.14%
Favours landmark 05 07 1 15 2 Favours ultrasound

Comparison 3. Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for central vein

catheterization in adults

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

1 Complication rate total 10 2014 Risk Ratio (M-H, 0.27[0.18, 0.40]
Random, 95% Cl)

1.1 Traditional landmark vs ultrasound guidance 9 1974 Risk Ratio (M-H, 0.27[0.18, 0.40]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

1.2 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 0.0[0.0, 0.0]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. No detail on whether direct

orindirect puncture

2 Overall success rate 18 3669 Risk Ratio (M-H, 1.09[1.05,1.13]
Random, 95% Cl)

2.1 Traditional landmark vs ultrasound guidance 14 3172 Risk Ratio (M-H, 1.10[1.05,1.15]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

2.2 Traditional landmark vs ultrasound guidance 4 457 Risk Ratio (M-H, 1.05[1.00, 1.09]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

2.3 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 1.12[0.91, 1.38]

for internal jugular vein cannulation for central

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

vein catheterization. No detail on whether direct

orindirect puncture

3 Number of attempts until success 12 2896 Mean Difference -1.18 [-1.50,
(IV, Random, 95% -0.85]
Cl)

3.1 Traditional landmark vs ultrasound guidance 9 2570 Mean Difference -1.13[-1.50,

for internal jugular vein cannulation for central (IvV, Random, 95% -0.77]

vein catheterization. Direct puncture Cl)

3.2 Traditional landmark vs ultrasound guidance 3 326 Mean Difference -1.41[-2.31,

for internal jugular vein cannulation for central (Iv, Random, 95% -0.50]

vein catheterization. Indirect puncture Cl)

4 Arterial puncture 18 3920 Risk Ratio (M-H, 0.26[0.18, 0.37]
Random, 95% Cl)

4.1 Traditional landmark vs ultrasound guidance 14 3343 Risk Ratio (M-H, 0.22[0.15, 0.33]

for internal jugular vein cannulation for central Random, 95% ClI)

vein catheterization. Direct puncture

4.2 Traditional landmark vs ultrasound guidance 4 577 Risk Ratio (M-H, 0.48[0.22, 1.07]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

5 Haematoma formation 11 3047 Risk Ratio (M-H, 0.23[0.12, 0.44]
Random, 95% CI)

5.1 Traditional landmark vs ultrasound guidance 11 3047 Risk Ratio (M-H, 0.23[0.12, 0.44]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

6 Other complications (thrombosis, embolism, 9 2830 Risk Ratio (M-H, 0.35[0.11, 1.12]

haematomediastinum and hydromediastinum, Random, 95% Cl)

haematothorax and hydrothorax, pneumothorax,

subcutaneous emphysema, nerve injury)

6.1 Traditional landmark vs ultrasound guidance 9 2830 Risk Ratio (M-H, 0.35[0.11, 1.12]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

7 Time to successful cannulation 16 3160 Mean Difference -13.07 [-40.57,
(IvV, Random, 95% 14.44]
Cl)

7.1 Traditional landmark vs ultrasound guidance 1 40 Mean Difference 43.70[4.00,

for internal jugular vein cannulation for central (Iv, Random, 95% 83.40]

vein catheterization. Direct puncture. Time be- Cl)

tween identification of puncture site and final

catheter placement

7.2 Traditional landmark vs ultrasound guidance 4 2074 Mean Difference -55.37 [-88.76,

for internal jugular vein cannulation for central (IV, Random, 95% -21.97]

vein catheterization. Direct puncture. Time be- Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 133
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

tween penetration of the skin and aspiration of

venous blood into the syringe

7.3 Traditional landmark vs ultrasound guidance 2 249 Mean Difference 39.46 [20.83,

for internal jugular vein cannulation for central (IV, Random, 95% 58.09]

vein catheterization. Direct puncture. Time be- Cl)

tween application of local anaesthetic and RJI

puncture

7.4 Traditional landmark vs ultrasound guidance 2 147 Mean Difference 99.89[-170.76,

for internal jugular vein cannulation for central (IvV, Random, 95% 370.53]

vein catheterization. Direct puncture. Time need- Cl)

ed for RIJV catheterization

7.5 Traditional landmark vs ultrasound guidance 1 84 Mean Difference -1.0 [-26.56,

for internal jugular vein cannulation for central (Iv, Random, 95% 24.56]

vein catheterization. Direct puncture. Time of be- Cl)

ginning of localization of the vessel up to aspira-

tion of venous blood

7.6 Traditional landmark vs ultrasound guidance 1 80 Mean Difference 68.57 [59.59,

for internal jugular vein cannulation for central (IV, Random, 95% 77.55]

vein catheterization. Direct puncture. Time from Cl)

completion of skin preparation and draping to

successful aspiration of venous blood into the sy-

ringe

7.7 Traditional landmark vs ultrasound guidance 1 120 Mean Difference -92.00 [-145.74,

for internal jugular vein cannulation for central (IV, Random, 95% -42.26]

vein catheterization. Direct puncture. Time re- Cl)

quired for successful guide wire insertion

7.8 Traditional landmark vs ultrasound guidance 1 115 Mean Difference -3.60[-35.32,

for internal jugular vein cannulation for central (IvV, Random, 95% 28.12]

vein catheterization. Indirect puncture. Time from Cl)

initial skin palpation immediately before initial-

needle insertion to removal of 18gauge cannula

from the guide wire

7.9 Traditional landmark vs ultrasound guidance 1 141 Mean Difference -124.0[-198.33,

for internal jugular vein cannulation for central (IV, Random, 95%  -49.67]

vein catheterization. Indirect puncture. Mean Cl)

time to cannulation

7.10 Traditional landmark vs ultrasound guidance 1 40 Mean Difference -210.0 [-413.32,

for internal jugular vein cannulation for central (IvV, Random, 95% -6.68]

vein catheterization. No detail on whether direct Cl)

or indirect puncture. Total time

7.11 Traditional landmark vs ultrasound guidance 1 70 Mean Difference -133.0[-223.05,

for internal jugular vein cannulation for central (IvV, Random, 95% -42.95]

vein catheterization. Indirect puncture. Insertion Cl)

time

8 Success with attempt number 1 15 2291 Risk Ratio (M-H, 1.51[1.30,1.75]

Random, 95% Cl)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

8.1 Traditional landmark vs ultrasound guidance 12 1946 Risk Ratio (M-H, 1.49[1.25,1.77]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

8.2 Traditional landmark vs ultrasound guidance 3 345 Risk Ratio (M-H, 1.67[1.09, 2.55]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

9 Success with attempt number 2 7 1196 Risk Ratio (M-H, 1.18[1.07,1.30]
Random, 95% Cl)

9.1 Traditional landmark vs ultrasound guidance 6 1036 Risk Ratio (M-H, 1.22[1.06, 1.41]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

9.2 Traditional landmark vs ultrasound guidance 1 160 Risk Ratio (M-H, 1.05[0.97,1.14]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

10 Success with attempt number 3 3 229 Risk Ratio (M-H, 1.13[0.85,1.51]
Random, 95% Cl)

10.1 Traditional landmark vs ultrasound guidance 2 69 Risk Ratio (M-H, 1.24[0.85,1.81]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

10.2 Traditional landmark vs ultrasound guidance 1 160 Risk Ratio (M-H, 1.01[0.97, 1.06]

for internal jugular vein cannulation for central
vein catheterization. Indirect puncture

Random, 95% Cl)

Analysis 3.1. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in adults, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.1.1 Traditional land k vs ultr d guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 5/40 ‘—’7— 1.84% 0.09[0.01,1.59]
Bansal 2005 0/30 7/30 ‘—’7' 1.9% 0.07[0,1.12]
Bock 1999 1/42 6/42 —_—t 3.51% 0.17[0.02,1.33]
Denys 1993 9/302 40/302 —— 30.33% 0.23[0.11,0.46]
Leung 2006 3/65 12/65 —_— 10.18% 0.25[0.07,0.84]
Lin 1998 5/104 12/86 —— 14.98% 0.34[0.13,0.94]
Palepu 2009 9/205 19/194 — 25.55% 0.45[0.21,0.97]
Soyer 1993 0/24 1/23 1.52% 0.32[0.01,7.48]
Turker 2009 3/190 16/190 —t 10.19% 0.19[0.06,0.63]
Subtotal (95% Cl) 1002 972 L 2 100% 0.27[0.18,0.4]
Total events: 30 (Experimental (Ultrasound)), 118 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=4.35, df=8(P=0.82); 1>=0%
Test for overall effect: Z=6.58(P<0.0001)
Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.1.2 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture
Heatly 1995 0/20 0/20 Not estimable
Subtotal (95% ClI) 20 20 Not estimable
Total events: 0 (Experimental (Ultrasound)), 0 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% Cl) 1022 992 L 4 100% 0.27[0.18,0.4]
Total events: 30 (Experimental (Ultrasound)), 118 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=4.35, df=8(P=0.82); 1>=0%
Test for overall effect: Z=6.58(P<0.0001)
Test for subgroup differences: Not applicable
Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark

Analysis 3.2. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in adults, Outcome 2 Overall success rate.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.2.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Bansal 2005 30/30 28/30 T+ 5.11% 1.07[0.96,1.2]
Denys 1993 302/302 266/302 * 8.81% 1.14[1.09,1.18]
Hrics 1998 8/8 5/8 o L — 0.44% 1.55[0.9,2.66]
Karakitsos 2006 450/450 425/450 . 9.58% 1.06[1.03,1.08]
Leung 2006 61/65 51/65 — 4.02% 1.2[1.04,1.38]
Lin 1998 103/104 74/86 —+ 6.39% 1.15[1.05,1.26]
Mallory 1990 12/12 11/17 — 0.93% 1.51[1.05,2.17]
Milling 2005 59/60 44/69 —t 2.93% 1.54[1.29,1.85]
Palepu 2009 200/205 177/194 + 8.47% 1.07[1.02,1.12]
Scherhag 1989 17/19 16/20 s 1.59% 1.12[0.86,1.46]
Soyer 1993 24/24 18/23 I — 2.11% 1.27[1.01,1.59]
Troianos 1990 38/38 51/51 + 8.68% 1[0.96,1.05]
Troianos 1991 7777 80/83 ™ 8.51% 1.04[0.99,1.09]
Turker 2009 189/190 185/190 d 9.49% 1.02[1,1.05]
Subtotal (95% CI) 1584 1588 ¢ 77.05% 1.1[1.05,1.15]
Total events: 1570 (Experimental (Ultrasound)), 1431 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=90.03, df=13(P<0.0001); 1>=85.56%
Test for overall effect: Z=4.2(P<0.0001)
3.2.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 57/58 52/57 T+ 6.38% 1.08[0.99,1.18]
Hayashi 2002 116/120 112/120 - 7.97% 1.04[0.98,1.1]
Hrics 1998 20/24 5/8 L — 0.41% 1.33[0.76,2.35]
Johnson 1994 32/33 35/37 -+ 5.85% 1.03[0.93,1.13]
Favours landmark 05 07 1 15 2 Favours ultrasound
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% Cl) 235 222 M 20.59% 1.05[1,1.09]

Total events: 225 (Experimental (Ultrasound)), 204 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=1.61, df=3(P=0.66); 1>=0%
Test for overall effect: Z=2(P=0.05)

3.2.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

|

|

|

|

|
Heatly 1995 19/20 17/20 +’— 2.35%
Subtotal (95% Cl) 20 20 - 2.35%
Total events: 19 (Experimental (Ultrasound)), 17 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.04(P=0.3)

Total (95% Cl) 1839 1830 ¢ 100%
Total events: 1814 (Experimental (Ultrasound)), 1652 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=88.06, df=18(P<0.0001); 1>=79.56%

Test for overall effect: Z=4.53(P<0.0001)

Test for subgroup differences: Chi*=2.95, df=1 (P=0.23), 1’=32.32%

1.12[0.91,1.38]
1.12[0.91,1.38]

1.09[1.05,1.13]

. .
Favours landmark 05 0.7 1 15 2

Favours ultrasound

Analysis 3.3. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in adults, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
3.3.1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture
Agarwal 2009 40 1.2(0.5) 40 1.5(0.7) -+ 9.8% -0.33[-0.59,-0.07]
Denys 1993 302 1.2(0.5) 302 2.5(2.7) —+ 9.54% -1.3[-1.61,-0.99]
Karakitsos 2006 450 1.1(0.6) 450 2.6(2.9) -+ 9.73% -1.5[-1.77,-1.23]
Lin 1998 104 1.4(1.4) 86 2.6(1.8) —— 8.55% -1.19[-1.66,-0.72]
Soyer 1993 24 1.5(0.7) 23 42(1.5) —— 7.15% -2.67[-3.35,-1.99]
Sulek 2000 60 1.9 (1.5) 60 2.8(1.3) —— 8.28% -0.9[-1.41,-0.39]
Troianos 1990 38 1.3(0.1) 51 2.4(0.4) + 10.36% -1.08[-1.18,-0.98]
Troianos 1991 77 1.4(0.7) 83 2.8(3) — 7.25% -1.4[-2.06,-0.74]
Turker 2009 190 1.1(0.3) 190 1.4(0.9) + 10.26% -0.34[-0.48,-0.2]
Subtotal *** 1285 1285 <& 80.92% -1.13[-1.5,-0.77]
Heterogeneity: Tau?=0.26; Chi*>=148.13, df=8(P<0.0001); 1>=94.6%
Test for overall effect: Z=6.15(P<0.0001)
3.3.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 58 1.4(0.9) 57 2.1(1.6) — 8.52% -0.7[-1.18,-0.22]
Johnson 1994 33 1.6(1.2) 37 3.2(2.1) — 6.42% -1.6[-2.39,-0.81]
Milling 2005 72 2.9(2.6) 69 5.2 (4.6) —_—t 4.14% -2.3[-3.53,-1.07]
Subtotal *** 163 163 - 19.08% -1.41[-2.31,-0.5]
Heterogeneity: Tau?=0.46; Chi®=7.89, df=2(P=0.02); 1>=74.64%
Test for overall effect: Z=3.04(P=0)
Favours ultrasound -4 -2 0 2 4 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Total *** 1448 1448 ‘ 100% -1.18[-1.5,-0.85]
Heterogeneity: Tau?=0.26; Chi*=156.82, df=11(P<0.0001); 1>=92.99%
Test for overall effect: Z=7.14(P<0.0001)
Test for subgroup differences: Chi?=0.3, df=1 (P=0.59), I*=0%

Favours ultrasound -2 2 4 Favours landmark

Analysis 3.4. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in adults, Outcome 4 Arterial puncture.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

3.4.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 4/40 4 + 1.53% 0.11[0.01,2]
Bansal 2005 0/30 4/30 4 + 1.55% 0.11[0.01,1.98]
Bock 1999 1/42 1/42 1.71% 1[0.06,15.47]
Denys 1993 8/302 25/302 21.06% 0.32[0.15,0.7]
Karakitsos 2006 5/450 48/450 —_— 15.42% 0.1[0.04,0.26]
Leung 2006 1/65 4/65 _ 2.74% 0.25[0.03,2.18]
Lin 1998 2/104 10/86 —_— 5.76% 0.17[0.04,0.73]
Palepu 2009 4/205 9/194 —_— 9.5% 0.42[0.13,1.34]
Soyer 1993 0/24 1/23 4 1.29% 0.32[0.01,7.48]
Sulek 2000 3/60 10/60 —_— 8.34% 0.3[0.09,1.04]
Teichgraber 1997 0/50 6/50 {—~7— 1.58% 0.08[0,1.33]
Troianos 1990 0/38 3/51 4 1.49% 0.19[0.01,3.58]
Troianos 1991 1/77 7/83 —mM8M+——+ 2.98% 0.15[0.02,1.22]
Turker 2009 1/190 9/190 {—~7 3.03% 0.11[0.01,0.87]
Subtotal (95% Cl) 1677 1666 77.99% 0.22[0.15,0.33]
Total events: 26 (Experimental (Ultrasound)), 141 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=8.07, df=13(P=0.84); 1>=0%
Test for overall effect: Z=7.33(P<0.0001)
3.4.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 3/58 3/57 I S— 5.28% 0.98[0.21,4.67]
Chuan 2005 1/32 8/30 ——F+— 3.15% 0.12[0.02,0.88]
Hayashi 1998 3/80 8/80 . —— 7.7% 0.38[0.1,1.36]
Hayashi 2002 3/120 4/120 — 4T 5.89% 0.75[0.17,3.28]
Subtotal (95% CI) 290 287 P 22.01% 0.48[0.22,1.07]
Total events: 10 (Experimental (Ultrasound)), 23 (Control (Landmark))
Heterogeneity: Tau?=0.06; Chi*=3.28, df=3(P=0.35); 1*=8.4%
Test for overall effect: Z=1.8(P=0.07)
Total (95% Cl) 1967 1953 100% 0.26[0.18,0.37]

Total events: 36 (Experimental (Ultrasound)), 164 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=14.67, df=17(P=0.62); 1>=0%
Test for overall effect: Z=7.36(P<0.0001)

Favours ultrasound

0.02

0.1

10

50

Favours landmark
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Study or subgroup Experimental Control
(Ultrasound) (Landmark)
n/N n/N

Risk Ratio

M-H, Random, 95% CI

Weight

Risk Ratio

M-H, Random, 95% CI

Test for subgroup differences: Chi?=2.91, df=1 (P=0.09), 1°=65.64%

Favours ultrasound

0.02

0.1

1 10 50

Favours landmark

Analysis 3.5. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in adults, Outcome 5 Haematoma formation.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.5.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 0/40 Not estimable
Bansal 2005 0/30 330 4 + 4.1% 0.14[0.01,2.65]
Bock 1999 0/42 s5/42 4 + 4.25% 0.09[0.01,1.59]
Denys 1993 0/302 10302 4—— 433% 0.05[0,0.81]
Karakitsos 2006 2/450 38/450 ——+—— 12.21% 0.05[0.01,0.22]
Leung 2006 2/65 7/65 B e 11.06% 0.29[0.06,1.32]
Lin 1998 2/104 10/86 _— 11.46% 0.17[0.04,0.73]
Palepu 2009 5/205 10/194 E— 16.72% 0.47[0.16,1.36]
Sulek 2000 6/60 9/60 — 18.03% 0.67[0.25,1.76]
Teichgraber 1997 1/50 5/50 _ 7.01% 0.2[0.02,1.65]
Turker 2009 2/190 7/190 —_— 10.82% 0.29[0.06,1.36]
Subtotal (95% Cl) 1538 1509 - 100% 0.23[0.12,0.44]
Total events: 20 (Experimental (Ultrasound)), 104 (Control (Landmark))
Heterogeneity: Tau?=0.34; Chi*>=13.78, df=9(P=0.13); 1’=34.7%
Test for overall effect: Z=4.52(P<0.0001)
Total (95% Cl) 1538 1509 - 100% 0.23[0.12,0.44]
Total events: 20 (Experimental (Ultrasound)), 104 (Control (Landmark))
Heterogeneity: Tau?=0.34; Chi*=13.78, df=9(P=0.13); 1’=34.7%
Test for overall effect: Z=4.52(P<0.0001)

Favours ultrasound

0.02

0.1

1 10 50

Favours landmark

Analysis 3.6. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal
jugular vein cannulation for central vein catheterization in adults, Outcome 6 Other
complications (thrombosis, embolism, haematomediastinum and hydromediastinum,
haematothorax and hydrothorax, pneumothorax, subcutaneous emphysema, nerve injury).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.6.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 0/40 1/40 10.72% 0.33[0.01,7.95]
Denys 1993 1/302 5/302 — 18.7% 0.2[0.02,1.7]
Karakitsos 2006 0/450 19/450 ‘—07 12.93% 0.03[0,0.42]
Leung 2006 0/65 1/65 + 10.66% 0.33[0.01,8.03]
Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark
Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 139
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Lin 1998 3/104 2/86 - 23.36% 1.24[0.21,7.25]
Palepu 2009 0/205 0/194 Not estimable
Soyer 1993 0/24 0/23 Not estimable
Teichgraber 1997 2/50 3/50 i E— 23.65% 0.67[0.12,3.82]
Turker 2009 0/190 0/190 Not estimable
Subtotal (95% Cl) 1430 1400 i 100% 0.35[0.11,1.12]
Total events: 6 (Experimental (Ultrasound)), 31 (Control (Landmark))
Heterogeneity: Tau?=0.72; Chi*=7.61, df=5(P=0.18); 1>=34.31%
Test for overall effect: Z=1.76(P=0.08)
Total (95% CI) 1430 1400 i 100% 0.35[0.11,1.12]
Total events: 6 (Experimental (Ultrasound)), 31 (Control (Landmark))
Heterogeneity: Tau?=0.72; Chi*=7.61, df=5(P=0.18); 1>=34.31%
Test for overall effect: Z=1.76(P=0.08) ‘ ‘ ‘ ‘
Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark

Analysis 3.7. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in adults, Outcome 7 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl| Random, 95% CI
3.7.1 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
identification of puncture site and final catheter placement
Scherhag 1989 20 155.8 (77) 20 112.1(47.7) —— 6.48% 43.7[4,83.4]
Subtotal *** 20 20 - 6.48% 43.7[4,83.4]
Heterogeneity: Not applicable
Test for overall effect: Z=2.16(P=0.03)
3.7.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
penetration of the skin and aspiration of venous blood into the syringe
Denys 1993 302 10.3(11.6) 302 44.5 (129.5) —+ 7.34% -34.2[-48.86,-19.54]
Karakitsos 2006 450 17.1(16.5) 450 44 (95.4) + 7.44% -26.9[-35.85,-17.95]
Lin 1998 104 15.8(23) 86 43.7(52.1) + 7.39% -27.9[-39.77,-16.03]
Turker 2009 190 95 (136) 190 236 (110) —— 7.06% -141[-165.87,-116.13]
Subtotal *** 1046 1028 - 29.23% -55.37[-88.76,-21.97]
Heterogeneity: Tau?=1095.14; Chi?=74.27, df=3(P<0.0001); 12=95.96%
Test for overall effect: Z=3.25(P=0)
3.7.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
application of local anaesthetic and RJI puncture
Troianos 1990 51 98 (16) 38 64 (8) + 7.48% 34[28.93,39.07]
Troianos 1991 83 117 (136) 7 61 (46) — 6.84% 56[24.99,87.01]
Subtotal *** 134 115 <& 14.32% 39.46[20.83,58.09]
Heterogeneity: Tau?=113.49; Chi*=1.88, df=1(P=0.17); 1>=46.9%
Test for overall effect: Z=4.15(P<0.0001)
Favours ultrasound 200 -100 0 lo0 200 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

3.7.4 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time needed for
RIJV catheterization

Soyer 1993 24 480 (120) 23 240 (120) —p  su% 240[171.37,308.63]
Teichgraber 1997 50  15.2(53.4) 50  51.4(53.4) —— 7.18% -36.2[-57.11,-15.29]
Subtotal *** 74 73 ——————m— 12.29% 99.89[-170.76,370.53]

Heterogeneity: Tau?=37473.25; Chi*=56.93, df=1(P<0.0001); 1>=98.24%
Test for overall effect: Z=0.72(P=0.47)

3.7.5 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time of begin-
ning of localization of the vessel up to aspiration of venous blood

Bock 1999 42 59 (65) 42 60 (54) —+— 7.04% -1[-26.56,24.56]
Subtotal *** 42 42 ‘ 7.04% -1[-26.56,24.56]
Heterogeneity: Not applicable

Test for overall effect: Z=0.08(P=0.94)

3.7.6 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Direct puncture. Time from com-

pletion of skin preparation and draping to successful aspiration of venous

blood into the syringe

Agarwal 2009 40 145 (17) 40 76.4 (23.5) + 7.43% 68.57[59.59,77.55]
Subtotal *** 40 40 ‘ 7.43% 68.57[59.59,77.55]
Heterogeneity: Not applicable

Test for overall effect: Z=14.97(P<0.0001)

3.7.7 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Direct puncture. Time required

for successful guide wire insertion

Sulek 2000 60 98 (118.4) 60 192 (166.7) —_— 5.92% -94[-145.74,-42.26]
Subtotal *** 60 60 - 5.92% -94[-145.74,-42.26]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%

Test for overall effect: Z=3.56(P=0)

3.7.8 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Indirect puncture. Time from

initial skin palpation immediately before initial needle insertion to removal-

of 18gauge cannula from the guide wire

Armstrong 1993 58 87.6 (85) 57 91.2 (88.5) —“— 6.81% -3.6[-35.32,28.12]
Subtotal *** 58 57 ‘ 6.81% -3.6[-35.32,28.12]
Heterogeneity: Not applicable

Test for overall effect: Z=0.22(P=0.82)

3.7.9 Traditional landmark vs ultrasound guidance for internal jugular vein

cannulation for central vein catheterization. Indirect puncture. Mean time to

cannulation

Milling 2005 72 126 (157.5) 69 250 (274.7) I — 4.84% -124[-198.33,-49.67]
Subtotal *** 72 69 —~l— 4.84% -124[-198.33,-49.67]

Heterogeneity: Not applicable
Test for overall effect: Z=3.27(P=0)

3.7.10 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture. Total time

Heatly 1995 20 150 (328) 20 360(328) 4—— 1.47% -210[-413.32,-6.68]

Subtotal *** 20 20 E— 1.47% -210[-413.32,-6.68]
Favours ultrasound 200 -100 0 100 200 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Heterogeneity: Not applicable
Test for overall effect: Z=2.02(P=0.04)
3.7.11 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Insertion time
Johnson 1994 33 77 (108) 37 210 (255) ——+—— 4.16% -133[-223.05,-42.95]
Subtotal *** 33 37 —~l 4.16% -133[-223.05,-42.95]
Heterogeneity: Not applicable
Test for overall effect: Z=2.89(P=0)
Total *** 1599 1561 L 2 100% -13.07[-40.57,14.44]
Heterogeneity: Tau?=2628.12; Chi?=640.76, df=15(P<0.0001); 1*=97.66%
Test for overall effect: Z=0.93(P=0.35)
Test for subgroup differences: Chi*=151.41, df=1 (P<0.0001), 1>=93.4%

Favours ultrasound 200 -100 100 200 Favours landmark

Analysis 3.8. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in adults, Outcome 8 Success with attempt number1.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.8.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture
Agarwal 2009 35/40 27/40 —+ 7.47% 1.3[1.01,1.66]
Bansal 2005 26/30 17/30 —— 6.25% 1.53[1.09,2.16]
Bock 1999 35/42 23/42 —4 6.7% 1.52[1.12,2.07]
Denys 1993 248/302 116/302 -+ 8.52% 2.14[1.84,2.49]
Leung 2006 50/61 36/51 T+ 7.86% 1.16[0.94,1.44]
Lin 1998 84/104 30/86 —4 6.74% 2.32[1.71,3.14]
Mallory 1990 7/12 /17 e 2.81% 1.42[0.67,2.98]
Palepu 2009 173/205 141/194 * 8.95% 1.16[1.05,1.29]
Scherhag 1989 14/19 11/20 - 4.75% 1.34[0.83,2.16]
Teichgraber 1997 48/50 28/50 —+ 7.38% 1.71[1.33,2.21]
Troianos 1990 29/38 30/51 4+ 6.91% 1.3[0.97,1.73]
Troianos 1991 56/77 45/83 —— 7.52% 1.34[1.05,1.71]
Subtotal (95% Cl) 980 966 ¢ 81.86% 1.49[1.25,1.77]
Total events: 805 (Experimental (Ultrasound)), 511 (Control (Landmark))
Heterogeneity: Tau?=0.07; Chi*>=66.25, df=11(P<0.0001); 1>=83.4%
Test for overall effect: Z=4.51(P<0.0001)
3.8.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 44/58 30/57 —+= 6.96% 1.44[1.08,1.92]
Hayashi 1998 74/80 57/80 -+ 8.52% 1.3[1.11,1.51]
Johnson 1994 22/33 6/37 e — 2.67% 4.11[1.9,8.89]
Subtotal (95% Cl) 171 174 <@ 18.14% 1.67[1.09,2.55]

Total events: 140 (Experimental (Ultrasound)), 93 (Control (Landmark))

Heterogeneity: Tau?=0.1; Chi?=10.52, df=2(P=0.01); 1>=80.99%
Test for overall effect: Z=2.36(P=0.02)

Favours landmark 0.05

0.2

20

Favours ultrasound

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

142



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% Cl) 1151 1140 ¢* 100% 1.51[1.3,1.75]

Total events: 945 (Experimental (Ultrasound)), 604 (Control (Landmark))
Heterogeneity: Tau?=0.06; Chi*>=77.1, df=14(P<0.0001); 1>=81.84%

Test for overall effect: Z=5.39(P<0.0001)

Test for subgroup differences: Chi*=0.25, df=1 (P=0.62), 1>=0%

Favours landmark 005 02 1 5 20 Favours ultrasound

Analysis 3.9. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in adults, Outcome 9 Success with attempt number 2.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.9.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

Bock 1999 42/42 34/42 + 15.93% 1.23[1.06,1.43]
Denys 1993 292/302 272/302 d 24.19% 1.07[1.03,1.12]
Lin 1998 97/104 57/86 + 15.35% 1.41[1.2,1.65]
Mallory 1990 9/12 10/17 —— 3.26% 1.27[0.76,2.13]
Scherhag 1989 16/20 15/20 -+ 6.55% 1.07[0.76,1.49]
Troianos 1990 36/38 36/51 + 13.01% 1.34{1.11,1.63]
Subtotal (95% Cl) 518 518 ¢* 78.28% 1.22[1.06,1.41]
Total events: 492 (Experimental (Ultrasound)), 424 (Control (Landmark))
Heterogeneity: Tau?=0.02; Chi*=21.16, df=5(P=0); 1>=76.37%
Test for overall effect: Z=2.8(P=0.01)
3.9.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Hayashi 1998 77/80 73/80 . 21.72% 1.05[0.97,1.14]
Subtotal (95% CI) 80 80 ] 21.72% 1.05[0.97,1.14]
Total events: 77 (Experimental (Ultrasound)), 73 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.3(P=0.19)
Total (95% CI) 598 598 ] 100% 1.18[1.07,1.3]
Total events: 569 (Experimental (Ultrasound)), 497 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=22.65, df=6(P=0); I*>=73.51%
Test for overall effect: Z=3.25(P=0)
Test for subgroup differences: Chi*=3.2, df=1 (P=0.07), 1>=68.71%
Favours landmark ~ 0.01 0.1 1 10 100 Favours ultrasound
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Analysis 3.10. Comparison 3 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in adults, Outcome 10 Success with attempt number 3.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.10.1 Traditional landmark vs ultrasound guidance for internal jugu- ‘
lar vein cannulation for central vein catheterization. Direct puncture
Mallory 1990 11/12 10/17 }‘— 22.65% 1.56[1.01,2.4]
Scherhag 1989 17/20 16/20 +— 31.73% 1.06[0.8,1.41]
Subtotal (95% CI) 32 37 b 54.38% 1.24[0.85,1.81]
Total events: 28 (Experimental (Ultrasound)), 26 (Control (Landmark))
Heterogeneity: Tau?=0.04; Chi?=2.16, df=1(P=0.14); 1>=53.67%
Test for overall effect: Z=1.14(P=0.26)
3.10.2 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. Indirect puncture
Hayashi 1998 79/80 78/80 i 45.62% 1.01[0.97,1.06]
Subtotal (95% ClI) 80 80 45.62% 1.01[0.97,1.06]
Total events: 79 (Experimental (Ultrasound)), 78 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=0.58(P=0.56)
Total (95% Cl) 112 117 0 100% 1.13[0.85,1.51]
Total events: 107 (Experimental (Ultrasound)), 104 (Control (Landmark))
Heterogeneity: Tau?=0.05; Chi*=8.2, df=2(P=0.02); I>=75.6%
Test for overall effect: Z=0.85(P=0.39)
Test for subgroup differences: Chi?=1.13, df=1 (P=0.29), 1>=11.55%
Favours landmark ~ 0-01 0.1 1 10 100 Favours ultrasound

Comparison 4. Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for central vein

catheterization in children

Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

1 Complication rate total 4 291 Risk Ratio (M-H, 0.37[0.09, 1.46]
Random, 95% Cl)

1.1 Traditional landmark vs ultrasound guidance 1 124 Risk Ratio (M-H, 1.29[0.65, 2.55]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

1.2 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 0.33[0.13, 0.86]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

1.3 Traditional landmark vs ultrasound guidance 2 127 Risk Ratio (M-H, 0.12[0.01, 1.58]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. No detail on whether direct

orindirect puncture

2 Overall success rate 5 530 Risk Ratio (M-H, 1.22[1.00, 1.49]

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

2.1 Traditional landmark vs ultrasound guidance 2 333 Risk Ratio (M-H, 1.16 [0.66, 2.02]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
2.2 Traditional landmark vs ultrasound guidance 2 102 Risk Ratio (M-H, 1.24[1.08, 1.44]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
2.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 1.29[1.11,1.51]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct
orindirect puncture
3 Number of attempts until success 4 406 Mean Difference -1.24[-1.72,
(IV, Random, 95% -0.77]
cl)
3.1 Traditional landmark vs ultrasound guidance 1 209 Mean Difference -1.42[-1.46,
for internal jugular vein cannulation for central (IV, Random, 95% -1.38]
vein catheterization. Direct puncture Cl)
3.2 Traditional landmark vs ultrasound guidance 2 102 Mean Difference -0.76 [-1.18,
for internal jugular vein cannulation for central (IvV, Random, 95% -0.34]
vein catheterization. Indirect puncture Cl)
3.3 Traditional landmark vs ultrasound guidance 1 95 Mean Difference 0.00[-2.78,-1.22]
for internal jugular vein cannulation for central (IvV, Random, 95%
vein catheterization. No detail on whether direct Cl)
orindirect puncture
4 Arterial puncture 5 530 Risk Ratio (M-H, 0.20[0.03, 1.35]
Random, 95% Cl)
4.1 Traditional landmark vs ultrasound guidance 2 333 Risk Ratio (M-H, 0.27[0.00, 24.50]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
4.2 Traditional landmark vs ultrasound guidance 2 102 Risk Ratio (M-H, 0.22[0.05, 1.00]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
4.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 0.04[0.00, 0.73]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct
or indirect puncture
5 Other complications (thrombosis, embolism, 3 259 Risk Ratio (M-H, 0.27[0.10, 0.76]
haematomediastinum and hydromediastinum, Random, 95% Cl)
haematothorax and hydrothorax, pneumothorax,
subcutaneous emphysema, nerve injury)
5.1 Traditional landmark vs ultrasound guidance 1 124 Risk Ratio (M-H, 0.12[0.01, 2.22]

for internal jugular vein cannulation for central
vein catheterization. Direct puncture

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method
5.2 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 0.38[0.12,1.21]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
5.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 0.09[0.01, 1.60]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct
or indirect puncture
6 Time to successful cannulation 4 291 Mean Difference -90.70 [-184.74,
(Iv, Random, 95% 3.35]
Cl)
6.1 Traditional landmark vs ultrasound guidance 1 124 Mean Difference 5.40 [-38.04,
for internal jugular vein cannulation for central (IV, Random, 95% 48.84]
vein catheterization. Direct puncture. Time be- Cl)
tween penetration of skin and successful place-
ment of guide wire within the internal jugular vein
6.2 Traditional landmark vs ultrasound guidance 1 40 Mean Difference -33.38[-57.91,
for internal jugular vein cannulation for central (IV, Random, 95% -8.85]
vein catheterization. Indirect puncture. Time tak- Cl)
en to locate the vein
6.3 Traditional landmark vs ultrasound guidance 2 127 Mean Difference -350.84 [-801.00,

for internal jugular vein cannulation for central
vein catheterization. No detail on whether direct
or indirect puncture. Time between insertion of
needle into the skin until free flow of blood from
the catheter

(IvV, Random, 95%
Cl)

99.33]

Analysis 4.1. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in children, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.1.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture
Grebenik 2004 14/59 12/65 —".— 34.18% 1.29[0.65,2.55]
Subtotal (95% CI) 59 65 - 34.18% 1.29[0.65,2.55]
Total events: 14 (Experimental (Ultrasound)), 12 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=0.72(P=0.47)
4.1.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Alderson 1992 4/20 12/20 — 31.71% 0.33[0.13,0.86]
Subtotal (95% CI) 20 20 . 31.71% 0.33[0.13,0.86]
Total events: 4 (Experimental (Ultrasound)), 12 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=2.27(P=0.02)
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

4.1.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Verghese 1995 1/16 3/16 _— 19.4% 0.33[0.04,2.87]
Verghese 1996 0/43 19/52 {—07 14.71% 0.03[0,0.5]
Subtotal (95% ClI) 59 68 e — 34.11% 0.12[0.01,1.58]

Total events: 1 (Experimental (Ultrasound)), 22 (Control (Landmark))
Heterogeneity: Tau?=1.99; Chi*=2.24, df=1(P=0.13); 1>=55.33%
Test for overall effect: Z=1.62(P=0.11)

Total (95% Cl) 138 153 —~l—— 100% 0.37[0.09,1.46]
Total events: 19 (Experimental (Ultrasound)), 46 (Control (Landmark))
Heterogeneity: Tau?=1.3; Chi*=12.82, df=3(P=0.01); 1>=76.6%

Test for overall effect: Z=1.41(P=0.16)

Test for subgroup differences: Chi*=7.15, df=1 (P=0.03), 1>=72.02%

Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark

Analysis 4.2. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in children, Outcome 2 Overall success rate.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.2.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Grebenik 2004 46/59 58/65 —— 20.58% 0.87[0.74,1.03]
Ovezov 2010 106/107 66/102 —— 21.09% 1.53[1.33,1.77]
Subtotal (95% CI) 166 167 ——e— 41.66% 1.16[0.66,2.02]

Total events: 152 (Experimental (Ultrasound)), 124 (Control (Landmark))
Heterogeneity: Tau?=0.15; Chi*>=26.52, df=1(P<0.0001); 1*=96.23%
Test for overall effect: Z=0.52(P=0.6)

4.2.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 20/20 16/20 —— 17.89% 1.24[0.98,1.57]
Chuan 2005 32/32 24/30 — 19.64% 1.25[1.03,1.5]
Subtotal (95% Cl) 52 50 > 37.53% 1.24[1.08,1.44]

Total events: 52 (Experimental (Ultrasound)), 40 (Control (Landmark))
Heterogeneity: Tau?=0; Chi?=0, df=1(P=0.98); 1>=0%
Test for overall effect: Z=2.95(P=0)

4.2.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Verghese 1996 43/43 40/52 — 20.81% 1.29[1.11,1.51]
Subtotal (95% CI) 43 52 <o 20.81% 1.29[1.11,1.51]
Total events: 43 (Experimental (Ultrasound)), 40 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=3.3(P=0)

‘ ‘
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% CI) 261 269 N 100% 1.22[1,1.49]

Total events: 247 (Experimental (Ultrasound)), 204 (Control (Landmark))
Heterogeneity: Tau?=0.04; Chi*=27.02, df=4(P<0.0001); 1>=85.2%

Test for overall effect: Z=1.95(P=0.05)

Test for subgroup differences: Chi*=0.23, df=1 (P=0.89), 1>=0%

\ \
Favours landmark 05 07 1 15 2 Favours ultrasound

Analysis 4.3. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in children, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

4.3.1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture

Ovezov 2010 107 1.3(0.1) 102 2.7(0.2) [ 36.35% -1.42[-1.46,-1.38]
Subtotal *** 107 102 | 36.35% -1.42[-1.46,-1.38]
Heterogeneity: Not applicable

Test for overall effect: Z=78.27(P<0.0001)

4.3.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture

Alderson 1992 20 1.4(0.7) 20 2(1) —— 25.51% -0.65[-1.17,-0.13]
Chuan 2005 32 1.6 (1) 30 2.6(1.8) — 19.75% -0.98[-1.71,-0.25]
Subtotal *** 52 50 <& 45.25% -0.76[-1.18,-0.34]

Heterogeneity: Tau?=0; Chi*=0.53, df=1(P=0.47); I*=0%
Test for overall effect: Z=3.54(P=0)

4.3.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture

Verghese 1996 43 1.3(0.6) 52 3.3(2.8) — 18.39% -2[-2.78,-1.22]
Subtotal *** 43 52 - 18.39% -2[-2.78,-1.22]
Heterogeneity: Not applicable

Test for overall effect: Z=5.01(P<0.0001)

Total *** 202 204 <o 100% -1.24[-1.72,-0.77]
Heterogeneity: Tau?=0.16; Chi?>=12.02, df=3(P=0.01); 1*=75.04%
Test for overall effect: Z=5.11(P<0.0001)

Test for subgroup differences: Chi?=11.49, df=1 (P=0), 1>=82.6%

Favours ultrasound -4 -2 0 2 4 Favours landmark
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Analysis 4.4. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal jugular
vein cannulation for central vein catheterization in children, Outcome 4 Arterial puncture.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.4.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Grebenik 2004 7/59 4/65 ——a 23.7% 1.93[0.59,6.25]
Ovezov 2010 1/107 28/102 4—+—— 20.41% 0.03[0,0.25]
Subtotal (95% Cl) 166 167 —— 44.11% 0.27[0,24.5]

Total events: 8 (Experimental (Ultrasound)), 32 (Control (Landmark))
Heterogeneity: Tau?=9.85; Chi?>=15.31, df=1(P<0.0001); 1>=93.47%
Test for overall effect: Z=0.57(P=0.57)

4.4.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 1/20 2/20 _— 18.88% 0.5[0.05,5.08]
Chuan 2005 1/32 8/30 —+— 20.22% 0.12[0.02,0.88]
Subtotal (95% CI) 52 50 el 39.1% 0.22[0.05,1]

Total events: 2 (Experimental (Ultrasound)), 10 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0.88, df=1(P=0.35); 1>=0%
Test for overall effect: Z=1.96(P=0.05)

4.4.3 Traditional landmark vs ultr d guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Verghese 1996 0/43 13/52 % 16.79% 0.04[0,0.73]
Subtotal (95% Cl) 43 52 EE— 16.79% 0.04[0,0.73]
Total events: 0 (Experimental (Ultrasound)), 13 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=2.18(P=0.03)

Total (95% Cl) 261 269 e 100% 0.2[0.03,1.35]
Total events: 10 (Experimental (Ultrasound)), 55 (Control (Landmark))
Heterogeneity: Tau?=3.71; Chi*=19.42, df=4(P=0); 1>=79.41%

Test for overall effect: Z=1.65(P=0.1)

Test for subgroup differences: Chi?>=1.02, df=1 (P=0.6), I*=0%

Favours ultrasound 0.2 0.1 1 10 50 Favours landmark

Analysis 4.5. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal

jugular vein cannulation for central vein catheterization in children, Outcome 5 Other

complications (thrombosis, embolism, haematomediastinum and hydromediastinum,
haematothorax and hydrothorax, pneumothorax, subcutaneous emphysema, nerve injury).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

4.5.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Grebenik 2004 0/59 4/65 4 12.27% 0.12[0.01,2.22]
Subtotal (95% CI) 59 65 e — 12.27% 0.12[0.01,2.22]
Total events: 0 (Experimental (Ultrasound)), 4 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark
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Study or subgroup Experimental Control
(Ultrasound) (Landmark)
n/N n/N

Risk Ratio

M-H, Random, 95% CI

Weight Risk Ratio

M-H, Random, 95% CI

Test for overall effect: Z=1.42(P=0.16)

4.5.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 3/20 8/20
Subtotal (95% CI) 20 20
Total events: 3 (Experimental (Ultrasound)), 8 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=1.64(P=0.1)

4.5.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

—-
i

Verghese 1996 0/43 6/52 4 '

Subtotal (95% CI) 43 52 e ——
Total events: 0 (Experimental (Ultrasound)), 6 (Control (Landmark))

Heterogeneity: Not applicable

Test for overall effect: Z=1.64(P=0.1)

Total (95% ClI) 122 137 -

Total events: 3 (Experimental (Ultrasound)), 18 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=1.28, df=2(P=0.53); I*=0%

Test for overall effect: Z=2.5(P=0.01)

Test for subgroup differences: Chi*=1.13, df=1 (P=0.57), 1>=0%

75.01% 0.38[0.12,1.21]
75.01% 0.38[0.12,1.21]
12.72% 0.09[0.01,1.6]
12.72% 0.09[0.01,1.6]

100% 0.27[0.1,0.76]

Favours ultrasound ~ 0-01

0.1

10

100

Favours landmark

Analysis 4.6. Comparison 4 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization in children, Outcome 6 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
4.6.1 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and successful placement of guide wire within the internal
jugular vein
Grebenik 2004 59 97.8 (85.5) 65 92.4 (154.5) * 36.39% 5.4[-38.04,48.84]
Subtotal *** 59 65 * 36.39% 5.4[-38.04,48.84]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.24(P=0.81) ‘
4.6.2 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Indirect puncture. Time taken to
locate the vein
Alderson 1992 20 23(27.4) 20 56.4 (48.8) # 38.42% -33.38[-57.91,-8.85]
Subtotal *** 20 20 ¢ 38.42% -33.38[-57.91,-8.85]

Heterogeneity: Not applicable
Test for overall effect: Z=2.67(P=0.01)

4.6.3 Traditional landmark vs ultr d guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-

Favours ultrasound

-1000

-500

0

500

1000 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
direct puncture. Time between insertion of needle into the skin until free flow
of blood from the catheter
Verghese 1995 16 271.2 16 399.6 (321) —‘—‘— 14.85% -128.4[-321.16,64.36]

(227.4)
Verghese 1996 43 252 (168) 52 840 (906) e 10.34% -588(-839.32,-336.68]
Subtotal *** 59 68 e 25.18% -350.84[-801,99.33]
Heterogeneity: Tau?=92559.25; Chi?*=8.09, df=1(P=0); 1>=87.64%
Test for overall effect: Z=1.53(P=0.13)
Total *** 138 153 L 100% -90.7[-184.74,3.35]
Heterogeneity: Tau?=5835.24; Chi?=22.56, df=3(P<0.0001); I*=86.7%
Test for overall effect: Z=1.89(P=0.06)
Test for subgroup differences: Chi*=4.34, df=1 (P=0.11), 1>=53.94%
Favours ultrasound ~ -1000  -500 0 500 1000 Favours landmark

Comparison 5. Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for central vein

catheterization and inexperienced operators

Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method
1 Complication rate total 5 643 Risk Ratio (M-H, 0.35[0.10, 1.28]
Random, 95% Cl)
1.1 Traditional landmark vs ultrasound guidance 4 611 Risk Ratio (M-H, 0.34[0.07, 1.63]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
1.2 Traditional landmark vs ultrasound guidance 1 32 Risk Ratio (M-H, 0.33[0.04, 2.87]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct or
indirect puncture
2 Overall success rate 13 1427 Risk Ratio (M-H, 1.09[1.02,1.16]
Random, 95% Cl)
2.1 Traditional landmark vs ultrasound guidance 8 1108 Risk Ratio (M-H, 1.08[0.99,1.18]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
2.2 Traditional landmark vs ultrasound guidance 4 279 Risk Ratio (M-H, 1.09 [0.99, 1.20]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
2.3 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 1.12[0.91,1.38]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct or
indirect puncture
3 Number of attempts until success 8 1132 Mean Difference -1.21[-1.59,
(IV, Random, -0.83]
95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method
3.1 Traditional landmark vs ultrasound guidance 5 885 Mean Difference -1.29 [-1.75,
for internal jugular vein cannulation for central (IvV, Random, -0.82]
vein catheterization. Direct puncture 95% Cl)
3.2 Traditional landmark vs ultrasound guidance 3 247 Mean Difference  -1.02[-1.53,
for internal jugular vein cannulation for central (Iv, Random, -0.51]
vein catheterization. Indirect puncture 95% Cl)
4 Time to successful cannulation 9 1057 Mean Difference 5.60 [-50.51,
(Iv, Random, 61.71]
95% Cl)
4.1 Traditional landmark vs ultrasound guidance 1 40 Mean Difference 43,70 [4.00,
for internal jugular vein cannulation for central (IV, Random, 83.40]
vein catheterization. Direct puncture. Time be- 95% Cl)
tween identification of puncture site and final
catheter placement
4.2 Traditional landmark vs ultrasound guidance 1 380 Mean Difference -141.0 [-165.87,
for internal jugular vein cannulation for central (Iv, Random, -116.13]
vein catheterization. Direct puncture. Time be- 95% Cl)
tween penetration of skin and aspiration of venous
blood into the syringe
4.3 Traditional landmark vs ultrasound guidance 1 124 Mean Difference 5.40 [-38.04,
for internal jugular vein cannulation for central (IvV, Random, 48.84]
vein catheterization. Direct puncture. Time be- 95% Cl)
tween penetration of skin and successful place-
ment of guide wire within the internal jugular vein
4.4 Traditional landmark vs ultrasound guidance 2 249 Mean Difference 39.46 [20.83,
for internal jugular vein cannulation for central (IvV, Random, 58.09]
vein catheterization. Direct puncture. Time be- 95% Cl)
tween application of local anaesthetic and RJI
puncture
4.5 Traditional landmark vs ultrasound guidance 1 47 Mean Difference 240.0 [171.37,
for internal jugular vein cannulation for central (Iv, Random, 308.63]
vein catheterization. Direct puncture. Time needed 95% Cl)
for RIJV catheterization
4.6 Traditional landmark vs ultrasound guidance 1 115 Mean Difference -3.60[-35.32,
for internal jugular vein cannulation for central (IV, Random, 28.12]
vein catheterization. Indirect puncture. Time from 95% Cl)
initial skin palpation immediately before initial-
needle insertion to removal of 18-gauge cannula
from the guide wire
4.7 Traditional landmark vs ultrasound guidance 1 32 Mean Difference -128.40 [-321.16,
for internal jugular vein cannulation for central (IvV, Random, 64.36]
vein catheterization. No detail on whether direct or 95% Cl)
indirect puncture. Time between insertion of nee-
dle into skin until free flow of blood from catheter
4.8 Traditional landmark vs ultrasound guidance 1 70 Mean Difference -133.0[-223.05,

for internal jugular vein cannulation for central

(IV, Random,
95% Cl)

-42.95]
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Outcome or subgroup title No. of studies No. of partici- Statistical Effect size
pants method

vein catheterization. Indirect puncture. Insertion
time

Analysis 5.1. Comparison 5 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and inexperienced operators, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

5.1.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Bansal 2005 0/30 730 4———F 12.99% 0.07[0,1.12]

Grebenik 2004 14/59 12/65 —— 31.68% 1.29[0.65,2.55]
Soyer 1993 0/24 1/23 + 11.23% 0.32[0.01,7.48]
Turker 2009 3/190 16/190 L 26.52% 0.19[0.06,0.63]
Subtotal (95% CI) 303 308 —— 82.43% 0.34[0.07,1.63]

Total events: 17 (Experimental (Ultrasound)), 36 (Control (Landmark))
Heterogeneity: Tau?=1.63; Chi?>=11.63, df=3(P=0.01); 1’=74.21%
Test for overall effect: Z=1.35(P=0.18)

5.1.2 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Verghese 1995 1/16 3/16 —0—’— 17.57% 0.33[0.04,2.87]
Subtotal (95% CI) 16 16 ——— 17.57% 0.33[0.04,2.87]

Total events: 1 (Experimental (Ultrasound)), 3 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)

Total (95% CI) 319 324 —a 100% 0.35[0.1,1.28]
Total events: 18 (Experimental (Ultrasound)), 39 (Control (Landmark))
Heterogeneity: Tau?=1.23; Chi*=11.98, df=4(P=0.02); 1°=66.6%

Test for overall effect: Z=1.58(P=0.11)

Test for subgroup differences: Chi*=0, df=1 (P=0.99), I*=0%

Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark

Analysis 5.2. Comparison 5 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and inexperienced operators, Outcome 2 Overall success rate.

Study or subgrou Experimental Control Risk Ratio Weight Risk Ratio
y group P g
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

5.2.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

Bansal 2005 30/30 28/30 ™ 8.93% 1.07[0.96,1.2]
Grebenik 2004 46/59 58/65 — 7.11% 0.87[0.74,1.03]
Ovezov 2010 106/107 66/102 — 7.68% 1.53[1.33,1.77]
Scherhag 1989 17/19 16/20 I 4.07% 1.12[0.86,1.46]
Favours landmark 05 07 1 L5 2 Favours ultrasound
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

(Ultrasound) (Landmark)

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Soyer 1993 24/24 18/23 —t 5.06% 1.27[1.01,1.59]
Troianos 1990 38/38 51/51 + 11.45% 1[0.96,1.05]
Troianos 1991 T7/77 80/83 + 11.36% 1.04[0.99,1.09]
Turker 2009 189/190 185/190 * 11.87% 1.02[1,1.05]
Subtotal (95% Cl) 544 564 & 67.53% 1.08[0.99,1.18]
Total events: 527 (Experimental (Ultrasound)), 502 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=74.6, df=7(P<0.0001); 1>=90.62%
Test for overall effect: Z=1.83(P=0.07)
5.2.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 57/58 52/57 —— 9.99% 1.08[0.99,1.18]
Chuan 2005 32/32 24/30 — 6.2% 1.25[1.03,1.5]
Hrics 1998 20/24 5/8 _ 1.24% 1.33[0.76,2.35]
Johnson 1994 32/33 35/37 —— 9.57% 1.03[0.93,1.13]
Subtotal (95% CI) 147 132 L 2 26.99% 1.09[0.99,1.2]
Total events: 141 (Experimental (Ultrasound)), 116 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=5.19, df=3(P=0.16); 1*=42.18%
Test for overall effect: Z=1.83(P=0.07)
5.2.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture
Heatly 1995 19/20 17/20 +’— 5.48% 1.12[0.91,1.38]
Subtotal (95% CI) 20 20 - 5.48% 1.12[0.91,1.38]
Total events: 19 (Experimental (Ultrasound)), 17 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=1.04(P=0.3)
Total (95% CI) 711 716 ¢ 100% 1.09[1.02,1.16]
Total events: 687 (Experimental (Ultrasound)), 635 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*>=84.91, df=12(P<0.0001); I>=85.87%
Test for overall effect: Z=2.53(P=0.01)
Test for subgroup differences: Chi?=0.08, df=1 (P=0.96), 1>=0%
Favours landmark 05 07 1 15 2 Favours ultrasound

Analysis 5.3. Comparison 5 Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation
for central vein catheterization and inexperienced operators, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
5.3.1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture
Ovezov 2010 107 1.3(0.1) 102 2.7(0.2) * 15.78% -1.42[-1.46,-1.38]
Soyer 1993 24 1.5(0.7 23 4.2 (1.5) —t 10.48% -2.67[-3.35,-1.99]
Troianos 1990 38 1.3(0.1 51 2.4(0.4) + 15.63% -1.08[-1.18,-0.98]
Troianos 1991 7 1.4 (0.7 83 2.8(3) — 10.63% -1.4[-2.06,-0.74]
Turker 2009 190 1.1(0.3 190 1.4 (0.9) + 15.47% -0.34[-0.48,-0.2]
Subtotal *** 436 449 ‘ 68% -1.29[-1.75,-0.82]

Favours ultrasound -2 0 Favours landmark

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Heterogeneity: Tau?=0.24; Chi*=258.44, df=4(P<0.0001); 1>=98.45%
Test for overall effect: Z=5.43(P<0.0001)
5.3.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture
Armstrong 1993 58 1.4(0.9) 57 2.1(1.6) —— 12.65% -0.7[-1.18,-0.22]
Chuan 2005 32 1.6(1) 30 2.6(1.8) —— 10% -0.98[-1.71,-0.25]
Johnson 1994 33 1.6(1.2) 37 3.2(2.1) —— 9.35% -1.6[-2.39,-0.81]
Subtotal *** 123 124 <o 32% -1.02[-1.53,-0.51]
Heterogeneity: Tau?=0.09; Chi*>=3.66, df=2(P=0.16); 1>=45.4%
Test for overall effect: Z=3.93(P<0.0001)
Total *** 559 573 <& 100% -1.21[-1.59,-0.83]
Heterogeneity: Tau?=0.24; Chi*=266.44, df=7(P<0.0001); 1*=97.37%
Test for overall effect: Z=6.27(P<0.0001)
Test for subgroup differences: Chi*=0.58, df=1 (P=0.44), 1>=0%

Favours ultrasound -2 0 4 Favours landmark

Analysis 5.4. Comparison 5 Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation
for central vein catheterization and inexperienced operators, Outcome 4 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
5.4.1 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
identification of puncture site and final catheter placement
Scherhag 1989 20 155.8 (77) 20 112.1 (47.7) — 12.12% 43.7[4,83.4]
Subtotal *** 20 20 - 12.12% 43.7[4,83.4]
Heterogeneity: Not applicable
Test for overall effect: Z=2.16(P=0.03)
5.4.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and aspiration of venous blood into the syringe
Turker 2009 190 95 (136) 190 236 (110) —+ 12.59% -141[-165.87,-116.13]
Subtotal *** 190 190 > 12.59% -141[-165.87,-116.13]
Heterogeneity: Not applicable
Test for overall effect: Z=11.11(P<0.0001)
5.4.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and successful placement of guide wire within the internal
jugular vein
Grebenik 2004 59 97.8 (85.5) 65 92.4 (154.5) —“— 11.98% 5.4[-38.04,48.84]
Subtotal *** 59 65 * 11.98% 5.4[-38.04,48.84]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.24(P=0.81) ‘
5.4.4 Traditional landmark vs ultr d guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
application of local anaesthetic and RJI puncture
. . . .
Favours ultrasound 200 -100 0 100 200 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Troianos 1990 51 98 (16) 38 64 (8) + 12.89% 34[28.93,39.07]
Troianos 1991 83 117 (136) 7 61 (46) — 12.42% 56[24.99,87.01]
Subtotal *** 134 115 <& 25.31% 39.46[20.83,58.09]

Heterogeneity: Tau?=113.49; Chi*>=1.88, df=1(P=0.17); 1>=46.9%
Test for overall effect: Z=4.15(P<0.0001)

5.4.5 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time needed for
RIJV catheterization

Soyer 1993 24 480 (120) 23 240 (120) —)  1082% 240[171.37,308.63]
Subtotal *** 24 23 —al] 10.82% 240[171.37,308.63]
Heterogeneity: Not applicable

Test for overall effect: Z=6.85(P<0.0001)

5.4.6 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Time from ini-
tial skin palpation immediately before initial needle insertion to removal of 18-
gauge cannula from the guide wire

Armstrong 1993 58 87.6 (85) 57 91.2 (88.5) —0’— 12.39% -3.6[-35.32,28.12]
Subtotal *** 58 57 ¢ 12.39% -3.6[-35.32,28.12]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.22(P=0.82) ‘
5.4.7 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture. Time between insertion of needle into skin until free flow of
blood from catheter
Verghese 1995 16 271.2 16 399.6 (321) 4 + } 5.11% -128.4[-321.16,64.36]
(227.4)
Subtotal *** 16 16 e — 5.11% -128.4[-321.16,64.36]
Heterogeneity: Not applicable
Test for overall effect: Z=1.31(P=0.19)
5.4.8 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Indirect puncture. Insertion time
Johnson 1994 33 77 (108) 37 210 (255) . a— 9.69% -133[-223.05,-42.95]
Subtotal *** 33 37 —~l 9.69% -133[-223.05,-42.95]
Heterogeneity: Not applicable
Test for overall effect: Z=2.89(P=0)
Total *** 534 523 . 100% 5.6[-50.51,61.71]
Heterogeneity: Tau?=6350.42; Chi?=242.73, df=8(P<0.0001); 1>=96.7%
Test for overall effect: Z=0.2(P=0.84)
Test for subgroup differences: Chi*=200.8, df=1 (P<0.0001), 1?=96.51% ‘ ‘ ‘ ‘
Favours ultrasound -200  -100 0 100 200 Favours landmark
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Comparison 6. Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation for central vein

catheterization and experienced operators

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

1 Complication rate total 8 1532 Risk Ratio (M-H, 0.29[0.19, 0.43]
Random, 95% Cl)
1.1 Traditional landmark vs ultrasound guidance 5 1357 Risk Ratio (M-H, 0.30[0.19, 0.46]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
1.2 Traditional landmark vs ultrasound guidance 1 40 Risk Ratio (M-H, 0.33[0.13, 0.86]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
1.3 Traditional landmark vs ultrasound guidance 2 135 Risk Ratio (M-H, 0.03[0.00, 0.50]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct
orindirect puncture
2 Overall success rate 9 2513 Risk Ratio (M-H, 1.11[1.06, 1.16]
Random, 95% Cl)
2.1 Traditional landmark vs ultrasound guidance 6 2138 Risk Ratio (M-H, 1.11[1.05, 1.16]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Direct puncture
2.2 Traditional landmark vs ultrasound guidance 2 280 Risk Ratio (M-H, 1.10[0.92,1.31]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. Indirect puncture
2.3 Traditional landmark vs ultrasound guidance 1 95 Risk Ratio (M-H, 1.29[1.11,1.51]
for internal jugular vein cannulation for central Random, 95% Cl)
vein catheterization. No detail on whether direct
orindirect puncture
3 Number of attempts until success 7 2029 Mean Difference -1.09 [-1.52,
(IV, Random, 95% -0.66]
Cl)
3.1 Traditional landmark vs ultrasound guidance 5 1894 Mean Difference -1.04 [-1.54,
for internal jugular vein cannulation for central (IvV, Random, 95% -0.54]
vein catheterization. Direct puncture Cl)
3.2 Traditional landmark vs ultrasound guidance 1 40 Mean Difference -0.65[-1.17,
for internal jugular vein cannulation for central (IvV, Random, 95% -0.13]
vein catheterization. Indirect puncture Cl)
3.3 Traditional landmark vs ultrasound guidance 1 95 Mean Difference 0.00 [-2.78,-1.22]
for internal jugular vein cannulation for central (IV, Random, 95%
vein catheterization. No detail on whether direct Cl)
orindirect puncture
4 Arterial puncture 10 2632 Risk Ratio (M-H, 0.27[0.17, 0.44]

Random, 95% Cl)

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical
method

Effect size

4.1 Traditional landmark vs ultrasound guidance 8 2477 Risk Ratio (M-H, 0.23[0.15, 0.36]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

4.2 Traditional landmark vs ultrasound guidance 2 155 Risk Ratio (M-H, 0.80[0.22, 2.90]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Indirect puncture

5 Haematoma formation 8 2477 Risk Ratio (M-H, 0.20[0.08, 0.50]
Random, 95% Cl)

5.1 Traditional landmark vs ultrasound guidance 8 2477 Risk Ratio (M-H, 0.20[0.08, 0.50]

for internal jugular vein cannulation for central Random, 95% Cl)

vein catheterization. Direct puncture

6 Time to successful cannulation 7 2073 Mean Difference -31.90 [-76.07,
(IV, Random, 95% 12.28]
cl)

6.1 Traditional landmark vs ultrasound guidance 3 1694 Mean Difference -28.59 [-35.01,

for internal jugular vein cannulation for central (IvV, Random, 95% -22.17]

vein catheterization. Direct puncture. Time be- Cl)

tween penetration of skin and aspiration of ve-

nous blood into the syringe

6.2 Traditional landmark vs ultrasound guidance 1 84 Mean Difference -1.0 [-26.56,

for internal jugular vein cannulation for central (IvV, Random, 95% 24.56]

vein catheterization. Direct puncture. Time of be- Cl)

ginning of localization of the vessel up to aspira-

tion of venous blood

6.3 Traditional landmark vs ultrasound guidance 1 80 Mean Difference 68.57 [59.59,

for internal jugular vein cannulation for central (IvV, Random, 95% 77.55]

vein catheterization. Direct puncture. Time from Cl)

completion of skin preparation and draping to

successful aspiration of venous blood into the sy-

ringe

6.4 Traditional landmark vs ultrasound guidance 1 120 Mean Difference -92.00 [-145.74,

for internal jugular vein cannulation for central (IV, Random, 95% -42.26]

vein catheterization. Direct puncture. Time re- Cl)

quired for successful guide wire insertion

6.5 Traditional landmark vs ultrasound guidance 1 95 Mean Difference -588.0[-839.32,

for internal jugular vein cannulation for central
vein catheterization. No detail on whether direct
or indirect puncture. Time between insertion of
needle into the skin until free flow of blood from
the catheter

(IvV, Random, 95%
Cl)

-336.68]
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Analysis 6.1. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and experienced operators, Outcome 1 Complication rate total.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

6.1.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Agarwal 2009 0/40 sja0 4—— 1 1.94% 0.09[0.01,1.59]

Béck 1999 1/42 6/42 _ 3.69% 0.17[0.02,1.33]
Denys 1993 9/302 40/302 —a— 31.93% 0.23[0.11,0.46]
Lin 1998 5/104 12/86 —_— 15.77% 0.34[0.13,0.94]
Palepu 2009 9/205 19/194 —a— 26.89% 0.45[0.21,0.97]
Subtotal (95% Cl) 693 664 . 2 80.23% 0.3[0.19,0.46]

Total events: 24 (Experimental (Ultrasound)), 82 (Control (Landmark))
Heterogeneity: Tau?=0; Chi?=2.79, df=4(P=0.59); 1>=0%
Test for overall effect: Z=5.34(P<0.0001)

6.1.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 4/20 12/20 — 17.72% 0.33[0.13,0.86]
Subtotal (95% CI) 20 20 P 17.72% 0.33[0.13,0.86]
Total events: 4 (Experimental (Ultrasound)), 12 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=2.27(P=0.02)

6.1.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Heatly 1995 0/20 0/20 Not estimable
Verghese 1996 0/43 19520 4——— 2.06% 0.03[0,0.5]
Subtotal (95% CI) 63 72 2.06% 0.03[0,0.5]

Total events: 0 (Experimental (Ultrasound)), 19 (Control (Landmark))
Heterogeneity: Not applicable
Test for overall effect: Z=2.45(P=0.01)

Total (95% CI) 776 756 L 4 100% 0.29[0.19,0.43]
Total events: 28 (Experimental (Ultrasound)), 113 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=5.89, df=6(P=0.44); 1>=0%

Test for overall effect: Z=6.09(P<0.0001)

Test for subgroup differences: Chi?=2.59, df=1 (P=0.27), 1’=22.82%

Favours ultrasound ~ 0-01 0.1 1 10 100 Favours landmark

Analysis 6.2. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and experienced operators, Outcome 2 Overall success rate.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

6.2.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

Denys 1993 302/302 266/302 * 19.06% 1.14[1.09,1.18]
Hrics 1998 8/8 5/8 o L — 0.71% 1.55[0.9,2.66]
Karakitsos 2006 450/450 425/450 L 21.39% 1.06[1.03,1.08]
Favours landmark 05 07 1 15 2 Favours ultrasound
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Lin 1998 103/104 74/86 —+ 12.59% 1.15[1.05,1.26]
Mallory 1990 12/12 11/17 s — 1.53% 1.51[1.05,2.17]
Palepu 2009 200/205 177/194 + 18.09% 1.07[1.02,1.12]
Subtotal (95% ClI) 1081 1057 ¢ 73.36% 1.11[1.05,1.16]

Total events: 1075 (Experimental (Ultrasound)), 958 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=18.36, df=5(P=0); 1’=72.77%
Test for overall effect: Z=3.92(P<0.0001)

6.2.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 20/20 16/20 — 3.39% 1.24[0.98,1.57)
Hayashi 2002 116/120 112/120 - 16.67% 1.04[0.98,1.1]
Subtotal (95% CI) 140 140 - 20.06% 1.1[0.92,1.31]

Total events: 136 (Experimental (Ultrasound)), 128 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi*=2.46, df=1(P=0.12); 1>=59.35%
Test for overall effect: Z=1.04(P=0.3)

6.2.3 Traditional landmark vs ultrasound guidance for internal jugu-
lar vein cannulation for central vein catheterization. No detail on
whether direct or indirect puncture

Verghese 1996 43/43 40/52 — 6.57% 1.29[1.11,1.51]
Subtotal (95% Cl) 43 52 L 2 6.57% 1.29[1.11,1.51]
Total events: 43 (Experimental (Ultrasound)), 40 (Control (Landmark))
Heterogeneity: Not applicable

Test for overall effect: Z=3.3(P=0)

Total (95% CI) 1264 1249 ¢ 100% 1.11[1.06,1.16]
Total events: 1254 (Experimental (Ultrasound)), 1126 (Control (Landmark))
Heterogeneity: Tau?=0; Chi*=28.7, df=8(P=0); 1>=72.12%

Test for overall effect: Z=4.45(P<0.0001)

Test for subgroup differences: Chi*=3.69, df=1 (P=0.16), 1*=45.82%

‘ ‘
Favours landmark 05 07 1 15 2 Favours ultrasound

Analysis 6.3. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation
for central vein catheterization and experienced operators, Outcome 3 Number of attempts until success.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI

6.3.1 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture

Agarwal 2009 40 1.2(0.5) 40 1.5(0.7) -+ 16.04% -0.33[-0.59,-0.07]
Denys 1993 302 1.2(0.5) 302 2.5(2.7) -+ 15.64% -1.3[-1.61,-0.99]
Karakitsos 2006 450 1.1(0.6) 450 2.6(2.9) -+ 15.93% -1.5[-1.77,-1.23]
Lin 1998 104 1.4(1.4) 86 2.6(1.8) —— 14.14% -1.19[-1.66,-0.72]
Sulek 2000 60 1.9(L.5) 60 2.8(1.3) —— 13.71% -0.9[-1.41,-0.39]
Subtotal *** 956 938 L 2 75.46% -1.04[-1.54,-0.54]
Heterogeneity: Tau?=0.29; Chi?>=43.12, df=4(P<0.0001); 1>=90.72%

Test for overall effect: Z=4.1(P<0.0001)

Favours ultrasound -4 -2 0 2 4 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
6.3.2 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Indirect puncture
Alderson 1992 20 1.4(0.7) 20 2(1) —— 13.66% -0.65[-1.17,-0.13]
Subtotal *** 20 20 S 2 13.66% -0.65[-1.17,-0.13]
Heterogeneity: Not applicable
Test for overall effect: Z=2.47(P=0.01)
6.3.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture
Verghese 1996 43 1.3(0.6) 52 33(2.8) —— 10.88% -2[-2.78,-1.22]
Subtotal *** 43 52 o 10.88% -2[-2.78,-1.22]
Heterogeneity: Not applicable
Test for overall effect: Z=5.01(P<0.0001)
Total *** 1019 1010 ‘ 100% -1.09[-1.52,-0.66]
Heterogeneity: Tau?=0.28; Chi*>=51.15, df=6(P<0.0001); I*=88.27%
Test for overall effect: Z=4.99(P<0.0001)
Test for subgroup differences: Chi*=7.97, df=1 (P=0.02), 1*=74.92%
Favours ultrasound -2 0 2 4 Favours landmark

Analysis 6.4. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and experienced operators, Outcome 4 Arterial puncture.

Study or subgroup Experimental Control
(Ultrasound) (Landmark)
n/N n/N

Risk Ratio

M-H, Random, 95% CI

Weight Risk Ratio

M-H, Random, 95% Cl

6.4.1 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Direct puncture

Agarwal 2009 0/40 a/a0 4 '

Bbck 1999 1/42 1/42

Denys 1993 8/302 25/302

Karakitsos 2006 5/450 48/450 —_—

Lin 1998 2/104 10/86 —
Palepu 2009 4/205 9/194 —
Sulek 2000 3/60 10/60 —_—

Teichgréber 1997 0/50 6/50 —+——

Subtotal (95% Cl) 1253 1224
Total events: 23 (Experimental (Ultrasound)), 113 (Control (Landmark))
Heterogeneity: Tau?=0.01; Chi?=7.18, df=7(P=0.41); 1>=2.51%

Test for overall effect: Z=6.31(P<0.0001)

6.4.2 Traditional landmark vs ultrasound guidance for internal jugular
vein cannulation for central vein catheterization. Indirect puncture

Alderson 1992 1/20 2/20
Armstrong 1993 3/58 3/57
Subtotal (95% Cl) 78 77

Total events: 4 (Experimental (Ultrasound)), 5 (Control (Landmark))
Heterogeneity: Tau?=0; Chi?=0.22, df=1(P=0.64); 1>=0%
Test for overall effect: Z=0.34(P=0.73)

2.69% 0.11[0.01,2]
2.98% 1[0.06,15.47]
24.24% 0.32[0.15,0.7]
19.69% 0.1[0.04,0.26]
9.07% 0.17[0.04,0.73]
13.72% 0.42[0.13,1.34]
12.36% 0.3[0.09,1.04]
2.76% 0.08[0,1.33]
87.51% 0.23[0.15,0.36]
4.08% 0.5[0.05,5.08]
8.41% 0.98[0.21,4.67]
12.49% 0.8[0.22,2.9]

Favours ultrasound 002

0.1

10

50

Favours landmark
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% Cl) 1331 1301 ’ 100% 0.27[0.17,0.44]

Total events: 27 (Experimental (Ultrasound)), 118 (Control (Landmark))
Heterogeneity: Tau?=0.09; Chi*=10.67, df=9(P=0.3); 1>=15.66%

Test for overall effect: Z=5.32(P<0.0001)

Test for subgroup differences: Chi*=3.12, df=1 (P=0.08), 1’=67.96%

Favours ultrasound 0.02 0.1 1 10 50 Favours landmark

Analysis 6.5. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein
cannulation for central vein catheterization and experienced operators, Outcome 5 Haematoma formation.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
(Ultrasound) (Landmark)
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

6.5.1 Traditional landmark vs ultrasound guidance for internal jugular ‘
vein cannulation for central vein catheterization. Direct puncture

Agarwal 2009 0/40 0/40 Not estimable
Bock 1999 0/42 s5/42 4 + 7.39% 0.09[0.01,1.59]
Denys 1993 0/302 10302 4¢—— 7.51% 0.05[0,0.81]
Karakitsos 2006 2/450 38/450 ——+—— 16.62% 0.05[0.01,0.22]
Lin 1998 2/104 10/86 —_— 15.92% 0.17[0.04,0.73]
Palepu 2009 5/205 10/194 — 20.26% 0.47[0.16,1.36]
Sulek 2000 6/60 9/60 — 21.17% 0.67[0.25,1.76]
Teichgraber 1997 1/50 5/50 —_— 11.13% 0.2[0.02,1.65]
Subtotal (95% Cl) 1253 1224 P 100% 0.2[0.08,0.5]

Total events: 16 (Experimental (Ultrasound)), 87 (Control (Landmark))
Heterogeneity: Tau?=0.77; Chi*=13.84, df=6(P=0.03); 1*=56.64%
Test for overall effect: Z=3.45(P=0)

Total (95% Cl) 1253 1224 P 100% 0.2[0.08,0.5]
Total events: 16 (Experimental (Ultrasound)), 87 (Control (Landmark))
Heterogeneity: Tau?=0.77; Chi*=13.84, df=6(P=0.03); 1’=56.64%

Test for overall effect: Z=3.45(P=0)

Favours ultrasound 0.02 0.1 1 10 50 Favours landmark

Analysis 6.6. Comparison 6 Ultrasound guidance vs anatomical landmarks for internal jugular vein cannulation
for central vein catheterization and experienced operators, Outcome 6 Time to successful cannulation.

Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

6.6.1 Traditional landmark vs ultrasound guidance for internal jugular vein ‘
cannulation for central vein catheterization. Direct puncture. Time between
penetration of skin and aspiration of venous blood into the syringe

Denys 1993 302 10.3 (11.6) 302 44,5 (129.5) -+ ‘ 16.73% -34.2[-48.86,-19.54]
Karakitsos 2006 450 17.1(16.5) 450 44 (95.4) + ‘ 16.93% -26.9[-35.85,-17.95]
Lin 1998 104 15.8 (23) 86 43.7 (52.1) -+ ‘ 16.84% -27.9[-39.77,-16.03]
Subtotal *** 856 838 ¢ ‘ 50.51% -28.59[-35.01,-22.17]
Favours ultrasound 200 -100 0 100 200 Favours landmark
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Study or subgroup Experimental Control (Landmark) Mean Difference Weight Mean Difference
(Ultrasound)
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Heterogeneity: Tau?=0; Chi*=0.71, df=2(P=0.7); I>=0% ‘
Test for overall effect: Z=8.73(P<0.0001) ‘

6.6.2 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time of begin-
ning of localization of the vessel up to aspiration of venous blood

Bock 1999 42 59 (65) 42 60 (54) —+— 16.13% -1[-26.56,24.56]
Subtotal *** 42 42 < 16.13% -1[-26.56,24.56]
Heterogeneity: Not applicable
Test for overall effect: Z=0.08(P=0.94)
6.6.3 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time from com-
pletion of skin preparation and draping to successful aspiration of venous
blood into the syringe
Agarwal 2009 40 145 (17) 40 76.4 (23.5) + 16.93% 68.57[59.59,77.55]
Subtotal *** 40 40 ¢ 16.93% 68.57[59.59,77.55]
Heterogeneity: Not applicable
Test for overall effect: Z=14.97(P<0.0001)
6.6.4 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. Direct puncture. Time required
for successful guide wire insertion
Sulek 2000 60 98 (118.4) 60 192 (166.7) — 13.82% -94[-145.74,-42.26]
Subtotal *** 60 60 - 13.82% -94[-145.74,-42.26]
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=3.56(P=0)
6.6.5 Traditional landmark vs ultrasound guidance for internal jugular vein
cannulation for central vein catheterization. No detail on whether direct or in-
direct puncture. Time between insertion of needle into the skin until free flow
of blood from the catheter
Verghese 1996 43 252 (168) 52 840 (906) < 2.62% -588[-839.32,-336.68]
Subtotal *** 43 52 2.62% -588[-839.32,-336.68]
Heterogeneity: Not applicable
Test for overall effect: Z=4.59(P<0.0001)
Total *** 1041 1032 - 100% -31.9[-76.07,12.28]
Heterogeneity: Tau?=2979.24; Chi?=333.36, df=6(P<0.0001); 1>=98.2%
Test for overall effect: Z=1.42(P=0.16)
Test for subgroup differences: Chi?>=332.64, df=1 (P<0.0001), 1>=98.8%
Favours ultrasound 200  -100 0 100 200 Favours landmark
APPENDICES
Appendix 1. Search strategy for CENTRAL (Wiley Interscience)
#1 MeSH descriptor Catheterization, Central Venous explode all trees
#2 MeSH descriptor Central Venous Pressure explode all trees
#3 central venous line*
#4 central venous pressure:TI,AB
#5 (venous or vein*) near (cannualation or access or catheter*)
#6 pulmonary art* flotation*
#7 central line* insertion™
Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 163
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#8 hickman near line*

#9 (#1 OR #2 OR#3 OR #4 OR #5 OR #6 OR #7 OR #8)
#10 MeSH descriptor Ultrasonics explode all trees

#11 MeSH descriptor Ultrasonography explode all trees
#12 (imag* near guid*)

#13 (ultrasound™ or ultrasonic* or doppler)

#14 (#10 OR#11 OR #12 OR #13)

#15 (#9 AND #14)

Appendix 2. Search strategy for MEDLINE (Ovid SP)

1. (zentralveno?s* kathet* or (venostrom* or venenkathe*) or hickman line* or central line* insertion* or pulmonary arter* flotation* or
((venous or vein*) adj4 (cannulation or access or catheter* puncture)) or central venous line* or central venous pressure).mp. or exp Venous
Cutdown/ or Central Venous Pressure/ or exp Catheterization Central Venous/

2. (ultrasound* or ultrasonic* or Doppler or echography or ultrasonograpgh*).mp. or exp Ultrasonography Doppler Color/ or exp

Echocardiography Doppler/ or exp Ultrasonography/ or exp Ultrasonics/

3.1land2

4. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (animals not (humans and animals)).sh.

5.3and 4

Appendix 3. Search strategy for EMBASE (Ovid SP)

1. central venous catheterization/ or central venous pressure/ or zentralveno?s* kathet*.mp. or (venostrom* or venenkathe*).mp. or
hickman line*.mp. or central line* insertion*.mp. or pulmonary arter* flotation*.mp. or ((venous or vein*) adj4 (cannulation or access or
catheter® puncture)).mp. or central venous line*.mp. or central venous pressure.mp.

2. ultrasound/ or explode echography/ or (ultrasound* or ultrasonic* or Doppler or echography or ultrasonograpgh*).mp.

3.1land2

4. (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or factorial* or placebo* or volunteer* or ((singl*
or doubl* or trebl* or tripl*) adj3 (blind* or mask*))).ti,ab.) not (animals not (humans and animals)).sh.

5.3and 4

Appendix 4. Search strategy for CINAHL (EBSCOhost)

S1((MH "Catheterization, Peripheral Central Venous") OR (MH "Central Venous Pressure") OR (MH "Venous Cutdown") ) OR ( (zentralveno?
s* kathet* or (venostrom* or venenkathe*) or hickman line* or central line* insertion* or pulmonary arter* flotation* or ((venous or vein*)
and (cannulation or access or catheter* puncture)) or central venous line* or central venous pressure) )

S2 ( (MH "Ultrasonography, Doppler, Color") OR (MH "Echocardiography, Doppler") OR (MH "Ultrasonography") OR (MH "Ultrasonics") )
OR AB (ultrasound* or ultrasonic* or Doppler or echography or ultrasonograpgh* )

S3SlandS2

Appendix 5. Search strategy for GRIPS-WEB search (DIMDI)

1 KL97; SM78; SPPP; SP97; CA66; CL63; MEOO; ME66; MEOA; ME6O; T165; MK77; GE79; EU93; PX97; PY81; HN69; CB85; SUSS; SV88; AZ72;
EM74; EM83; EM9O; PT85; TVO1
2 ct d ultrasonics

3 ft=(ultrasound; ultrasonic)

4 ct d ultrasonography

5 cc d A#t#lus

6ccdAl/us

7ccdA2/us

8ccdA3/us

9 ccdA4/us

10 ccd A5/us

11 ccdA6/us

12 ccd A7/us

13cc d A8/us

14 ccd A9/us

15ccd Al4/us

16 ccdcl/us

17 ccd c2/us

18 ccd c3/us

19 ccd c4/us

Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization (Review) 164
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

20 ccd c5/us

21 ccdc6/us

22 ccdcT/us

23 ccd c8/us

24 ccd c9/us

25ccdclOus

26 ccdcll/us

27 ccdcl2/us

28 ccd c13/us

29 ccdcl4/us

30ccdel5/us

3lccdcl6/us

32codel7/us

33 ccdcl8/us

34 ccdcl9/us

35ccdc20/us

36codc2l/us

37 ccdc23/us

38 ccdf3/us

39 ct d catheterization

40 ct=venous cutdown

41 ft=(vein cutdown; venostom?; venenkathe?)
42 ft=(central venous cathe?; zentralveno#s?kath?)
43 (cathether AND venous) /same sent

44 (Kathe? AND ven?) /same sent

45 (cathet? AND ven?) /same sent

46 S=45 OR S=44 OR S=43 OR S=42 OR S=41 OR
S=40 OR S=39

47 S=46 OR S=38 OR S=37 OR S=36 OR S=35 OR S=34 OR S=33 OR S=32 OR S=31 OR S=30 OR S=29 OR S=28 OR S=27 OR S=26 OR S=25 OR
S=24 OR S=23 OR S=22 OR S=21 OR S=20 OR S=19 OR S=18 OR S=17 OR S=16 OR S=15 OR S=14 OR S=13 OR S=12 OR S=11 OR S=10 OR S=9
OR S=8 OR S=7 OR S=6 OR S=5 OR S=4 OR S=3 OR S=2
48 S=47 AND S=46

49 48 AND (study; studie#)

50 49 AND (zufall?; random?)

51 50 and prospettiv?

52 CT="RANDOMIZED CONTROLLED TRIAL"

53 CT="CLINICAL TRIAL"

54 CT="CENTRAL VENOUS CATHETER"

55 CT=' PROSPECTIVE STUDIES"

56 CT="CATHETERIZATION"

57 CT="CATHETERIZATION, CENTRAL VENOUS"
58 CT="PROSPECTIVE STUDY"

59 S=58 OR S=57 OR S=56 OR S=55 OR

S=54 OR S=53 OR S=52

60 S=59 AND S=51

61 check duplicates: unique in s=60

62 doppler/(ti; ct; ab)

63 vein puncture

64 venous puncture

65 cannulation

66 zentralvenotese punktion

67 S=66 OR S=65 OR S=64 OR S=63

68 ultras?

69 S=68 OR S=62

7067 AND 69

7170 NOT 61

72 71 AND (studie#; study)

73 check duplicates: unique in s=72

74 73 AND Prospetttiv?
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2. Weplanned to perform sensitivity analysis regarding 'randomized versus quasi-randomized' and eventually 'good quality studies versus
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the data. We have not performed the sensitivity analysis, as almost all studies included in this review have unclear risk of bias across
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jugular vein, and the other review on the subclavian and femoral veins (Brass 2013b).
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to examine the costs connected with application of the new method and whether the additional financial expenditure is in reasonable
proportion to the possible ensurance of improvement/advantages. We have not undertaken these analyses, as none of the studies
assessed costs.

5. We planned to use a fixed-effect model when between-studies heterogeneity was negligible; otherwise we planned to use a random-
effects model, which takes into account between-study variability as well as within-study variability. We have used a random-effects
model for all analyses regardless of heterogeneity, as in most comparisons, the heterogeneity that cannot be readily explained is > 25%.
This is the more conservative approach.
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